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PREFACE TO SECOND EDITION 


Electrical Machinery has been carefully revised and enlarged 
for this Second Edition. About 35 pages of material have 
been added, including a new Section on Synchronous Convert- 
ers. Certain typographical errors which crept into the First 
Edition have been corrected. Certain parts have been 
rewritten. A number of the illustrations have been revised 
and brought up to date. The author desires to accord due 
credit to I. V. LeBow, of the Terrell Croft Engineering Co., 
who has assisted in every possible way throughout the prepara- 
tion of the Second Edition. 


TERRELL CROFT. 
UNIVERSITY CITY, 
Sr. Louis, Mo. 
June, 1922. 


PREFACE TO FIRST EDITION 


It has been the author’s experience that there are certain 
things which it is necessary and desirable for the average man 
to know about electrical machinery—and it is entirely possible 
to transmit this essential information without the use of diffi- 
cult mathematics. Furthermore, there are a great many 
more things about electrical machines which (though they may 
be interesting) it is not necessary that the average man should 
know. 

In preparing this ‘ Electrical Machinery”’ book we have en- 
deavored to include the essential and desirable things and to 
omit the non-essentials. We have tried to explain the theo- 
retical principles and outline the operating facts, relating to 
alternating-current and direct-current generators and motors, 
and similar -electrical machines, on this basis. Control 
apparatus has been given due attention. Furthermore, we 
believe that any individual who can read English will be able 
to get the meat from this volume without the expenditure of 
excessive effort. 

Following out the general idea above disclosed, much of 
the material has to do with installation and operation—trouble 
location, its correction and the like. There is practically 
nothing in here on design because of two splendid reasons: 
(1) The manufacturers in this United States design, build and 
sell perfectly good electrical apparatus much more effectively 
and economically than can any one who is not regularly en- 
gaged in the business. Hence, when the average man wants 
electrical equipment he buys it on the market. (2) It requires 
a lot of special knowledge and mathematics to design electrical 
machinery. 

Summarizing: “Electrical Machinery” is a manual of ex- 
planation of basic theoretical principles, operation and 
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management prepared particularly to assist the average man 
who is now, or who expects sometime to be, engaged in 
practical electrical work. 

We want to make this a better and more helpful book each 
time it is revised in the future. Therefore, if any reader finds 
in it anything which he cannot understand, will he please write 
the author about it? Also, if you find any errors—some errors 
always, regardless of how carefully the checking has been done, 
creep into every technical book—please advise us; they will be 
corrected in the next edition. Finally, we will be most grate- 
ful for all suggestions for the future enlargement or improve- 
ment of the book, in any manner whatsoever. 


TERRELL CROFT. 
33 AmuERST AVENUE, UNIVERSITY CITY, 
Saint Louis, Missourt, 
June, 1917. 
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ELECTRICAL MACHINERY 


SECTION 1 


PRINCIPLES, CONSTRUCTION AND CHARACTERISTICS 
OF DIRECT-CURRENT GENERATORS AND 
. MOTORS 


1. An Electrical Generator or Dynamo* is a machine for 
converting mechanical power into electrical power. <A gen- 
erator develops an e.m.f. by cutting lines of force and this 
e.m.f. forces a current to flow provided the external. circuit 
is closed. 

2. Performance Specifications are furnished by the manu- 
facturers of generators to prospective customers which indicate 
the efficiencies, temperature rise, etc., of any generator that 
may be under consideration. These specifications show what 
may be expected of the machine in service and should be 
thoroughly studied by the buyer. 

3. Voltage Regulation (do not confuse with speed regula- 
tion) is the ratio of the change of voltage, between “‘no load”’ 
and “‘full load,’ to the full-load voltage. It is usually ex- 
pressed as a percentage. Thus, the speed of the machine 


remaining constant: 
no-load voltage — full-load voltage 


full-load voltage 
By regulation is always meant some change which a machine 
makes of its own accord when the load is changed. This 
change is inherent in the machine and is determined by its 
construction. 

4. Control always means some change which an attendant 
brings about in a machine, as, for instance, the raising of the 
voltage by cutting resistance out of the field circuit. 


(1) Voltage regulation = 


* A. I. E. E. SranparpizaTion Rue No. 101, June 28, 1916. 
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5. Direct-current Generators develop a direct or continuous 
e.m.f., that is, one that is always in the same direction. Com- 
mercial direct-current generators have commutators and may 
thereby be distinguished from modern alternating-current 
machines. Additional information in regard to commutation 
as applied to direct-current motors, which is in general true for 
direct-current generators, is given hereinafter. 

6. Excitation of Generator Fields.—To generate an e.m.f., 
conductors must cut a magnetic field which in commercial 
machines must be relatively strong. A~ permanent magnet 
can be used for producing such a field in a generator of small 
output, such as a telephone magneto or a generator for spark- 
ing for an automobile; but for generators for ight and power 
the field is produced by electromagnets, which may be excited 
by the machine itself or “separately excited”? from another 
source. 

7. Series-wound or Constant-current Generators have 
their armature coils, field coils and external circuits in series 


Series-Field Winding-. 


<—lo load 


Series Wound 
Generator 


Fic. 1.—Series-wound generator. 


with one another. See Fig. 1. Series generators are now used 
commercially only for series arc-lighting circuits and are 
equipped with automatic regulators (Fig. 2) to maintain the 
current constant, irrespective of the resistance of the external 
circuit, or the number of lamps in service. The same current 
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passes through each lamp in the series and through the gen- 
erator. The voltage at the brushes of a series machine is 
equal to (neglecting a small 
line loss) the voltage per 
lamp times the number of 
lamps. Thus on a circuit 
of 100 lamps each requiring 
50 volts the brush pressure 
would be 100 X 50= 5,000 


volts. As shown by the , Fie. 2.—Essentials of brush-shift- 
ing mechanism for a constant-current 


graph of Fig. 3, II, up to generator, 

a certain maximum value 

with an increase in load—resistance in this case—the voltage 
of the generator increases, tending to maintain the current 
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Fig. 3.—Characteristic graphs or curves of a series generator. 

(The graph No. 1 of I indicates the relation between voltage and cur- 
rent if there is no armature resistance or armature reaction. Hence, 
this is actually a no-load saturation graph of the machine. It is deter- 
mined by separately exciting the field coils so that no current flows in 
the armature. Graph No. 2 shows the actual relation between terminal 
voltage and load current. The total voltage drop consists of that por- 
tion due to the decrease in flux caused by armature reaction and that 
pequired to send the current through the armature, brushes and series 
coils. : 

In the graph of II the values of current in a series generator and the 
resistance of the external circuit are plotted. The critical resistance 
of this particular machine is 4.9 ohms. With an external resistance 
greater than 4.9 ohms, the machine will not excite itself or “build up”’.) 


constant. Automatic regulation to maintain constant current 
is usually effected, commercially, by either shifting the brushes 
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or by cutting in and out portions of the field winding or by a 
combination of the two methods. 
Notr.—A graph is a line representing graphically the relation 


between two quantities which vary simultaneously. Graphs were 
formerly called curves. 


Fie 4.—Regulation of an arc-lamp machine by field variation. 


8. The Essentials of an Arrangement for Regulation by 
Brush Shifting are shown in Fig. 2. (By regulation in this 
case is meant the maintenance of a constant current.) The 
course of the main current is indicated by the heavy line. 


Field Frame 


-- Field Winding 


Separately Excited 
Generator — 


Ws From Source of +... 
se Exciting Current \~ 


7 mt 
Field Rheostat 


Fic. 5.—Separately-excited generator. 


When the current is at normal value the contactor is held mid- 
way between the contacts Ci and C. by the spring. If the 
current increases. slightly, the core is pulled down into the 
solenoid and brings the contactor with it, which makes contact 
with Cz This permits a small current in shunt with the 
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solenoid to flow through the clutch B, the mechanical details 
of which are not shown. This clutch pulls the shifting rod 
down and so shifts the brushes as to tend to maintain the 
current at a constant value. A decrease in current allows the 


Rouble Commutator. 


ae Seporately-Excited \ 
/ . Field Terminals. 


c? + } ¥ 
Main Termingis--" 


Fic. 6.—A separately-excited generator an a double commutator 
for electrolytic work. (General Electric Co., 5 kw., 6 or 12 volts, 835 
or 415 amp., 1150 r.p.m.) 
spring to pull the contactor against C1; clutch A operates and 
the brushes are shifted in the opposite direction. 

9. The Principle of an Arc-light (Constant-current) Machine 
That is Regulated by Field Variation is illustrated in Fig. 4. 
The lever L is shifted auto- 


,ToSource of Marin Lead 


matically and cuts in or out,“ S/ation, 

turns of the field magnet so as |t eer 
to maintain a constant current |* a ae 
in the external circuit. 4 SEetice ty 


10. Separately Excited 
Generators are used for electro- 
plating and for other electro- ; 
lytic work where it is essential i 
that the polarity of a machine Armature _be--Maiin Lead 
be not reversed. Self-excited ica. 7.—Showing connections 
machines may change their fot, double-conmusaion, on 8 
polarities. The essential dia- 
grams are shown in Fig. 5. The fields may be excited from 
any direct-current, constant-potential source, such as a storage 


battery or lighting circuit. 


Commutator, 
I 
1 
‘Separately-Excited-' 
Field Windings 
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The field magnets can be wound for any voltage because 
they have no electrical connection with the armature. With 
a constant field excitation, the voltage will drop slightly from 
no-load to full-load because of armature drop and armature 


Retaining. 
“Bonds ; 


Fia. 8.—A double-commutator armature for a low-voltage ‘electrolytic’ 
generator. 


reaction. Inasmuch as the machines of this type (Fig. 6) used 
in electrolytic and electroplating work may carry exceedingly 
large currents, they are frequently provided with two com- 
mutators as shown in Figs. 7 and 8 so that the current may 


Shunt Wound 
Generator 


\ Shunt-Fiela Windling 


~-Shunt-Fiela 
Rheostat 


Fic. 9.—Shunt-wound generator. 


be carried jointly by the two commutators. That is, each 
commutator should carry one-half of the total current output 
of the machine. , 

11. The Shunt-wound Generator is shown diagrammatic- 
ally in Fig. 9. Shunt generators are now seldom used. They 
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have been largely superseded by compound-wound machines. 
The exciting current, a small part of the total current, is 
shunted through the fields. The exciting current varies from 
possibly 5 per cent. of the total current in small machines to 
1 per cent. in large ones. The exciting current is determined 
by the voltage at the brushes and the resistance of the field 
winding. Residual magnetism in the field cores permits a 
shunt generator to “build up.” This small amount of magne- 
tism that is retained in the field cores induces a voltage in 
the armature.* This voltage sends a slight current through 
the field coils which increases the magnetization. Thus, the 
induced voltage in the armature is increased. This in turn 
increases the current in the fields, which still further increases 


0 300 - 600 900 1200 04° 08 12 1620 
Amperes Load Ohms, External Resistance 
I-Shunt Characteristic I-Effect of a Short Circuit 


Fig. 10.—Showing characteristic graphs for a shunt-wound generator. 


the magnetization, and so on, until the saturation point and 
normal voltage of the machine are reached. This “building 
up” action is the same for any self-excited generator and 
often requires 20 to 30 seconds. 

12. When a Shunt Generator Runs at Constant Speed, 
as more and more current is drawn from the generator, the 
voltage across the brushes falls slightly. This fall is due to 
the fact that it requires more and more of the generated 
voltage to force this increasing current through the windings 
of the armature. That is, the armature JR drop increases. 
This leaves a smaller part of the total e.m.f. for brush e.m.f. 
Then when the brush pressure falls there is a slight decrease 
‘in the field current, which is determined by the brush pressure. 
This causes the total e.m.f. to drop a little, which still further 


* ELEMENTS OF Evectriciry, W. H. Timbie. 
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lowers the brush potential. These two causes combine to 
gradually lower the brush pressure (voltage) especially at heavy 
overloads. The curve in Fig. 10 shows these characteristics. 
For small loads the curve is nearly horizontal, but at heavy 
overloads it shows a decided drop. The point where the out- 
put of a commercial machine drops off is beyond the oper- 
ating range and is only of theoretical interest. 

13. The Voltage of a Shunt Machine May be Kept Fairly 
Constant by providing extra resistance, , in the field circuit, 
see Fig. 11, which may be cut out as the brush potential 
falls. This will allow more current to flow through the field 
coils and increase the number of magnetic lines set up in the 
magnetic circuit. If the speed is maintained constant, the 
armature conductors cut through the stronger magnetic field 
at the same speed, and thus in- 
duce a greater e.m.f. and restore 
the brush potential to its for- 
mer value. This resistance 
may be cut out either auto- 
Lamp load matically or by hand. 

7 14. A Shunt-wound Gener- 
Fia, 11.—Elementary circuit ator Normally Gives a Fairly 
ee soni round ‘eenerator anda oonctant Voltage even with 

varying loads, and can be used | 
for incandescent lighting and other constant-potential loads. 
These generators do not operate well in parallel, partially 
because the voltage of one machine may rise above that of 
‘the others and it will run them as motors. Shunt generators 
running in parallel do not “divide the load” satisfactorily 
between themselves. They are seldom installed now, as com- 
pound-wound generators are more satisfactory for most pur- 
poses. Shunt generators may be bipolar (two poles) or 
multipolar (more than two poles) as may compound-wound 
generators. See the following Arts. 

15. The Compound-wound Generator is shown diagram- 
matically in Fig..12. If a series winding be added to a shunt - 
generator (Fig. 9) the two windings will tend to maintain a 
constant voltage as the load increases. The magnetization — 


Shunt 
Fielal Coil 


a 


Src. 1] GENERATORS AND MOTORS 9 


due to the series windings increases as the line current increases, 
which will cause the voltage generated by the armature to 
rise. The drop of voltage at the brushes that occurs’ in a 


«Field Frame 


+Shunt-Field wihaing 


Generator 
ye\Serles-Field Winding 


<—To Load 


Field Rheostat 


Fie. 12.—Compound-wound generator. 


shunt generator is thus compensated for. See also Fig. 13 
and Art. 76. 

16. A Flat-compounded Compound-wound Generator is one 
having its series coils so proportioned that the voltage (Fig. 
15) remains practically con- 
stant at all loads within its 
range. 

17. An Over-compounded 
Generator has its series wind- 


& 
ings so proportioned that its s fe ree: 
full-load voltage (Fig. 14) is 8 
greater than its no-load volt- 
age. Over-compounding is 
necessary where it is desirable et 
to maintain a practically-con- yg, 13,—Elementary connec- 


stant voltage at some point tions for parallel operation of 


c f compound-wound generator. 
out on the line distant from P _ 


the generator. It compensates for line drop. 

18. The Characteristic Curve of a Compound-wound 
Machine (Fig. 15) indicates how the terminal voltage is due 
to the action of both shunt and series windings. The voltage 
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of the compound generator at any load (AD) is equal to the 
sum of the voltage due to shunt winding (AC) plus that due 
to the series winding (AB). Generators are usually over-com- 
pounded so that the full-load voltage is from 5 to 10 per cent. 
greater than the no-load voltage. See Fig. 14. 


[I 
=I 
No Load g Load 3 Load Zload — Fullload-* 


Load 
Fra. 14.—Voltage graphs of an “‘over-compounded generator. (In prac- 
tice most compound-wound generators are thus over-compounded.) 


Although compound-wound generators are usually provided 
with a field rheostat, it is not intended for regulating voltage 
as the rheostat of a shunt-wound machine is. It is provided 
to permit of initial adjustment of voltage and to compensate 
for changes of the resistance of the shunt winding caused by 


aeaeeeal 
Re 
Dees 


ox) a 


Fig. 15.—Characteristic graph for a compound-wound generator. 


(This graph is from a flat compound machine.) 


heating. With a compound-wound generator, the voltage 
having been once adjusted, the series coils automatically 
strengthen the magnetic field as the load increases. For di- - 
rect-current power and lighting work, compound-wound gen- 
erators are used almost universally. 
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19. If a Compound-wound Generator is Short-circuited 
the field strength due to the series windings will be greatly 
increased, but the field due to the shunt winding will lose its 
strength. For the instant or so, that the shunt magnetization 
is diminishing, a heavy current will flow. If the shunt mag- 
netization is a considerable proportion of the total magneti- 
zation, the current will decrease after the heavy rush and 
little harm will be done if the armature has successfully with- 
stood the heavy rush. However, if the series magnetization 

is quite strong in proportion to the shunt, their combined 
effect may so magnetize the fields that the armature will be 
burnt out. 


.---Shunt-Field Rheostat 


‘Shunt -Field Winding X 
Fig. 16.—‘‘Short-shunt’’ method Fie. 17.—Long-shunt com- 


of connecting a compound-wound pound-wound generator. 
generator. 


20. A Short-shunt Compound-wound Generator (Fig. 16) 
has its shunt field, F, connected directly across the brushes, 
A and B. Generators are usually connected in this way be- 
cause it tends to maintain the shunt-field current more nearly 
constant on variable loads, as the drop in the series winding 
does not directly affect the voltage impressed on the shunt field. 

21. A Long-shunt Generator has its shunt-field winding 
connected across the terminals of the generator. See Fig. 17. 

22. The Compounding of a Direct-current Generator Will 
Change with Its Speed* because the location of the no-load, 
normal-voltage point (A, Fig. 18) on the magnetization graph 
is determined by the speed. Thus consider the following 
example: ” 


* Gordon Fox in ELectricaL Rrvinw AND WESTERN ELECTRICIAN. 
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Exampin.—Point A (Fig. 18) represents the magnetization corre- 
sponding to an e.m.f. of 230 volts without load at 250 r.p.m. The 
series ampere-turn magnetization is represented by AB. The full-load 
voltage is higher than the no-load voltage by an increment or increase 
BC, which represents the amount of overcompounding. Assume that 
the generator speed is increased to 275 r.p.m. The no-load m.m-f. 
(magnetization) corresponding to 230 volts at the terminals would now 
be about 10 per cent. lower because the speed has been increased 10 
per cent. This point is at D. The number of series ampere-turns at 
full-load is the same shown as before, the distance DE (equal to AB) 
representing this magnetizing influence. 

The over-compounding is here shown by the increment HF. It will 
be noted that the distance EF is considerably greater than BC. This 
means that the generator will over-compound to a greater degree when 
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Fie. 18.—Magnetization graph Fic. 19.—Graphs for the same 
of a 220-volt direct-current gener- generator showing voltage regu- 
ator normally operating at 250 lation at different speeds. 


r.p.m. 


operated at 275 r.p.m. than when driven at 250 r.p.m., other conditions 
being unchanged. The distance HF does not represent the voltage rise 
accurately. It represents the increase in magnetic density from no-load 
to full-load. An equal increase in magnetic density will cause a greater 
increase in voltage at 275 r.p.m. than at 250 r.p.m. Hence, the rise in 
voltage at the increased speed is, in reality, greater than is indicated on 
the graph. 


23. The Voltage Regulation for the Same Generator 
Operating at Two Different Speeds* is shown by the graphs 
of Fig. 19. The curve, X, for the generator operating at 250 
r.p.m. is here similar to AC of Fig. 18. This curve is not 
strictly accurate, as engine regulation, armature reaction and | 
internal resistance tend to cause the voltage to decrease with 


* Gordon Fox in ExzcrricaL Revisew AND WESTERN ELECTRICIAN. 
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load. The increase in terminal voltage due. to over-com- 
pounding, renders the shunt-field influence greater under full- 
load conditions. This latter factor about offsets those first 
mentioned, leaving the curve, as shown, nearly unchanged. 
The curve, Y, showing the voltage regulation of the generator 
when driven at 275 r.p.m., is obtained from the portion DF 
in Fig. 18. The values have been modified, however, by in- 
creasing the magnetic density increments, such as EF, by the 
ratio 275 : 250 to correct for increase in speed. 

24. The Portion of the Magnetization Curve Over Which 
a Generator Operates Determines the Contour of its Voltage- 
regulation Curve,* and this may materially affect parallel 


ge. 


Terminal Volta 


15%. 
Per Cent Load 


Fig. 20.—Graphs showing regulation of two generators both compounded 
to impress the same voltage at full load. 


operation. In Fig. 20 are shown two voltage-regulation curves 
of two generators having equal voltage rise from no-load to 
full-load. They are both equally over-compounded. But, at 
fractional loads, for instance at half-load, CD, there is consid- 
erable difference in terminal voltage. If these two generators 
were connected in parallel, machine A would take a greater 
share of the load at half-load. To secure correct load division 
over the entire operating range, two or more generators must 
have compounding curves which are similar. From what has 
preceded it is evident that by adjustments of prime-mover 
speed it is possible to modify the compounding curves so as 
to improve the load division. 


* Gordon Fox in ExncrricaL REVIEW AND WESTERN ELECTRICIAN. 
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25. Speed Changes Have an Effect on the Temperature of 


a Generator.* 


When operating at increased speeds the iron 


is worked lightly, hence core losses are low. ‘The increase in 
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Fic. 21.—Showing cumulative and differential-compound windings for 
direct-current generators. 


windage and ventilation also tends toward cooler operation. 
When the machine is operated below normal speed, it will 


tend to run warmer. 


" Shunt field..7 


Fia. 22.—Diagram of 
connections of two com- 
pound-wound generators to 
switch-board (Westing- 
house). 


The shunt-field coils in particular will 


be affected, since more shunt am- 
pere-turns are required to secure 
the desired no-load voltage. ' 

26. Differential and Cumulative- 
compound Windings for direct-cur- 
rent generators are illustrated dia- 
grammatically in Fig. 21. With a 
machine which is wound differen- 
tially the shunt and series fields op- 
pose each other (IJ), and as the load 
increases, the electromagnetic field 
due to the series winding would in- 
crease correspondingly and ‘‘over- 
come” the field due to the shunt 
winding. This would tend to 
change the direction of the magnetic 


field in the air gap and reverse the direction of the e.m.f. of a 


generator. 


* Gordon Fox in Evectrican REVIEW AND WESTERN ELECTRICIAL. 


Where machines are 


“cumulative-compound”’ 
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wound, as at J, the series and shunt-field windings “assist”’ 
instead of “‘oppose’’ each other. 

27. A Series Shunt for a Compound-wound Generator con- 
sists of a low-resistance conductor arranged across the termi- 
nals of the series field (see Figs. 13 and 
22) by means of which the compound- \ SSG 
ing effect of the series winding may be 
regulated by shunting more or less of 
the armature current past the series 
coils.. The series shunt may be in the 
form of grids, on large machines, or 
for smaller generators in the form of 
ribbon resistors. In the latter case | 
the resistors are usually insulated and Magnetic ae 
folded into small compass. Fig. 23.—Magnetic 

28. Nearly All Commercial Direct- circuits of a four-pole 
current Generators and Motors Have ®°"t™ 
More Than Two Poles.—In some of the preceding diagrams 
only two were shown so that the diagrams would be simple. 
A two-pole machine is a bipolar machine; one having more 
than two poles is a multipolar machine. Fig. 23 shows the 
direction of the magnetic flux of a four-pole machine. Dia- 


I-Old Bipolar Machine I-Modern Bipolar Machine 
Fig. 24.—Direction of field windings on generator frames. 


grams for machines having more poles would be similar. In 
multipolar machines there is usually one pair of brush sets 
for each pair of poles, but with series-wound armatures, such 
as are frequently used for railway, automobile and crane 
motors, one set of brushes may suffice for a multipolar 
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machine. The connections of different makes of machines 
vary in detail and the manufacturers will always furnish 
complete diagrams, so no attempt will be made to give them 
here. ‘The directions of the field windings on generator frames 
are given in Fig. 24. The directions of the windings on 
machines having more than four poles are similar, in general, 
to those of the four-pole machines. 

29. Direct-current Generators May be Classified Into: 
(1) Non-commutating Pole; (2) Commutating Pole; and (3) 
Compensated, as regards their commutating characteristics. 
In non-commutating-pole generators no special provision is 
made to insure the existence of a flux to produce sparkless 
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Fig. 25.—Diagram of compound-wound commutating-pole machines. 


commutation—except that this condition may be partially 


realized by shifting the brushes of the machine. With com- 
mutating-pole generators the auxiliary poles produce a flux at 
such a location that it will—as hereinafter described—practi- 
cally eliminate brush sparking. The compensated generator 
(Art. 37), in addition to having commutating poles, has con- 
ductors to neutralize the effect of armature reaction, imbedded 
in the main pole faces. 

30. Commutating-pole Generators and Motors, Fig. 25.*— 
The principal advantage of the commutating-pole construction 
resides in the fact that with it the commutation can be ren- 
dered practically perfect under any condition of service. 


®Sranparp HanpsBook. 
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31. The Object in Using the Commutating Poles* is to 
produce within the armature coil under commutation an e.m.f. 
of the proper value and sign to reverse the current in the coil 
while it is yet under the brush—a result that is essential to 
perfect commutation. The variation in the flux distribution 
in the air gap of a commercial direct-current machine of the 
ordinary shunt-wound type, at no-load and under full-load, 
is shown in Fig. 26. Consider now the value and position 
of the flux in the coil under the brush when the machine is 
operating at full-load. The motion of the armature through 
this flux causes the generation within the coil of an e.m.f., 
and the sign of this e.m.f. is such as to tend to cause the 
current in the coil to continue 
in the direction which it had 
before the coil reached the 
brush, and hence it opposes 
the desired reversal of the cur- 
rent before ‘the coil leaves the 
brush. 

There is an additional detri- 
mental influence which tends to peomeicae cra Oa 
retard the rapid reversal of the fia. 26.—Distribution of mag- 
current even when all other in- netic flux at no load and at full 
. load, without commutating poles. 
fluences are absent. This 
latter influence is due to the local magnetizing effect of the 
current in the coil under the brush. On account of this, lines 
of force surround the conductor, the change in the intensity 
of which lines, with the fluctuations of the current as it tends 
to be reversed, generates in the coil an e.m.f. which opposes 
the change in the intensity of the current. This reactive 
e.m.f. is in the same direction as that due to the cutting of 
the flux by the coil under the brush and is likewise propor- 
tional to the speed. 

It will be apparent that even were the field distortion com- 
pletely neutralized, the detrimental reactive e.m.f. would yet 
remain. ‘The improved and practically perfect commutation 
of a commutating-pole machine is due to the fact that the 
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flux, which is locally superposed upon the main field, not only 
counterbalances the undesirable main flux cut by the coil 
under the brush, but it causes to be generated within the coil 
an e.m.f. sufficient to equal and oppose the reactive e.m.f. Just 
referred to. This effect will be appreciated from a study of 
Tig. 27, which represents the distorted flux of the motor of the 
usual design, as shown in Fig. 26, and indicates the results to 
be expected when the flux due to the auxiliary or commutating 
pole is given the relatively proper value. 

The effect of the commutating poles is the more pronounced 
the weaker the main field; and the commutation voltage 
thereby induced if correct for 
a low speed, is correct for a 
high speed. With increase of 
load-current and main-field dis- 
tortion there is a proportional 
increase of counter-magnetiz- 
ing field produced inthe coil 
under the brush, up to the 
9 30 80 ei 390 point of magnetic saturation 

Electrical Space. Degrees. ' of the auxiliary or commutat- 

Fic. 27.—Distribution of mag- ing pole. Sparkless operation 
ER a taacireyec ote and is insured for all operating 

ranges both of speed and load. 

32. Commutating-pole, Direct-current Generators are simi- 
lar in construction and operation to commutating-pole motors. 
Ordinary generators* that operate under severe overloads and 
over a wide speed range are liable to spark under the brushes 
at the extreme overloads and at higher speeds. Thisis because 
the field due to the armature current distorts the main field to 
such an extent that the coils being commutated under the 
brush are no longer in a magnetic field of the proper direction — 
and strength. To overcome this, “‘interpoles” (Figs. 28 and 
29) are placed between the main poles. See Fig. 25. These 
commutating poles introduce a magnetic field of such direction — 
and strength as\to maintain the magnetic field, at the point 
where the coils are commutated, at the proper strength for 

* Westinghouse Elec. & Manfg. Co. 
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Fic. 28.—Westinghouse method of constructing main poles for medium 
and large direct-current generators: 
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Fia. 29.—Details of construction of a commutating pole on a Westing- 
house generator. 
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perfect commutation. Commutating poles are sometimes 
called “interpoles” but ‘‘commutating poles’ is the preferable 
term. 

33. The Winding of the Commutating Poles is connected 
in series with the armature so that the strength of the corrective 
commutating-pole field is proportional to the load. The 
adjustment and operation of commutating-pole generators is 
not materially different from that of non-commutating-pole 
machines. 

34. When the Brush Position of a Commutating-pole Ma- 
chine Has Once Been Properly Fixed, No Shifting is After- 
ward Required or should be made, and most of these gen- 
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Fie. 30.—Distribution of flux in a commutating-pole generator. 


erators are shipped without any shifting device. An arrange- 
ment for securely clamping the brush-holder rings to the field — 
frame is provided. 
35. In Commutating-pole Apparatus Accurate Initial Ad- 
justment of the Brush Position is Necessary.—The correct 
brush position is on the no-load neutral point, which is located — 
by the manufacturer. A templet is furnished with each ma- — 
chine, or some other provision is made whereby the correct 
brush location can be determined by the installer. If the 
brushes are given a backward lead on a commutating-pole ~ 
generator, the machine will over-compound and will not com- — 
mutate properly. With a forward lead of the brushes, a 
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generator will under-compound and will not commutate 


properly. 


t-Commutating Pole Machine 
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Fic. 31.—Showing commutating and compensated pole direct-current 
generators. 


36. The Action of the Magnetic Flux in a Commutating-pole 
Generator is illustrated in Fig. 30. The direction of the main 


field flux is shown by the dashed line. 


armature magnetization is 
shown by the dotted lines. 
The direction of the flux in the 
interpole is shown by the full 
line. It is evident that the 
interpole flux is in a direction 
opposite to that of the arma- 
ture flux, and as the interpole 
coil is more powerful in its 
magnetizing action than the 
armature coils, the flux of the 
' armature coils is neutralized. 
With a less powerful magne- 
tizing force from the interpole 
than from the armature, the 
armature would overpower the 
interpole and reverse the direc- 
tion of the flux, which would 
result in an unsatisfactory 
commutating condition. 
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Fia. 32.—Portion of the stator 
of a “compensated” direct-cur- 
rent generator showing magnetiz- 
ing conductors embedded in the 
main-pole faces. 


37. The Compensated Generator* has, by virtue of its com- 
pensated winding which is located in the main pole faces 


* See article ‘‘ The Compensated Generator’’ by David Hall in PracricaL ENGINEER 


for Sept. 15, 1916. 
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(Figs. 31 and 32), the property within itself of compensating 
armature reaction. That is, it neutralizes the magnetizing 
effect of the armature winding. In the compensated machine, 
conductors in series with the armature winding are also im- 
bedded in the main pole faces, as suggested in the illustration. 
With the conductors thus located in the pole faces, the effect 
of armature magnetization and the distortion of flux incident 
thereto may be more effectively “neutralized” than with 
commutating poles alone. 


Norr.—It should be noted* that the commutating-pole machine and 
the compensated machine are distinct forms. The compensating winding 
and the commutating poles may or may not be combined in the same 
machine. That is, a ‘‘ compensated,” direct-current motor or generator 
may be designed without commutating poles. It is, however, the 
almost-universal practice in designing modern direct-current machines 
to provide a commutating pole and winding or to provide a central 
tooth with heavy excitation to generate commutating flux over the 
commutation zone regardless of whether or not a compensating winding 
is used. 

The compensating windings are, in general, particularly desirable only 
for machines in which the voltage between commutator bars is, for 
some reason or other, relatively great. Hence, they are applied to high- 
voltage machines or to machines which, due to severe operating condi- 
tions, would be subjected to excessive voltage between the, commutator 
bars under the pole tip. Without compensation, the coils connecting to 
such bars would, at the instant of commutation, be cutting a magnetic — 
field of high density because of armature reaction. Furthermore, the 
increase in iron losses, in the armature teeth, at full load over their no- 
load losses, which results from flux distortion is, in non-commutating- 
pole machines, largely eliminated by the use of the compensating 
winding. ‘This, in certain cases, may render it possible to dispose the 
active material in the armature somewhat more economically in com- 
pensated machines than would be possible in machines of the non- 
compensated types. 


38. Three-wire Direct-current Generators} are ordinary 
direct-current generators (Figs. 33, 34 and 35) with the 
modifications and additions (Fig. 36) described below. 
They are usually wound for 125-250-volt three-wire circuits. 
In Westinghouse three-wire generators four equidistant taps _ 


*A. C. LANinr. 
Tt Westinghouse Elec. & Manfg. Co. 
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Fig. 33.—Diagram of a three- 
wire generator showing connec- 
tions for shunt and series coils 
and balance coil. 
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Fic. 34.—Another type of 
three-wire generator operating 
independently. 


Fia. 35.—A double-commutator, single-armature, three-wire generator 
(125 volts per commutator). 
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Fig. 36.—Diagram illustrating the principle of the three-wire generator. 
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Fic. 37.—Diagram showing Fie. 38.—Showing fundamental 
connections for three-wire gen- connections for a Westinghouse 
erator. three-wire generator. 
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Fia, 39.—Sectional elevation of Westinghouse three-wire generator. 


Suc. 1] GENERATORS AND MOTORS 25 


are made in the armature winding, and each pair of. taps 
diametrically opposite each other is connected together 
through a balance coil. See Figs. 37 and 38. The middle 
points of the two balance coils are connected together and 
this junction constitutes 
the neutral point to 
which the third or neu- 
tral wire of the system 
is connected. A _ con- 
stant voltage is main- 
tained between the neu- 
tral and outside wires “4% 
which, within narrow 
limits (Fig. 36) is one- Shove 
half the generator volt- sg 


Fic. 40.—One Three-wire direct-current 
age. The generator generator, 125-250 volts in parallel with two 


shaft is extended at the two-wire generators, 125 volts. Diagram 
of connections. 


commutator end for the 

collector rings (Fig. 39). Four collector brushes and brush 
holders are used in addition to the regular direct-current 
brushes and brush holders. 
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Fig. 41.—Connections of a three-wire generator operating in parallel 
with a two-wire generator. 


39. The Series Coils of Compound-wound Three-wire 
Generators Are Divided into Halves (see Figs. 40 and 41), 
one of which is connected to the positive and one to the 
negative side. This is done to obtain compounding on 
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either side of the system when operating on an unbalanced 
load. To understand this, consider a generator with the 
series field in the negative side only and with most of the 
load on the positive side of the system. ‘The current flows 
from the positive brush through the load and back through 
the neutral wire ‘without passing through the series field. 
The generator is then operating as an ordinary shunt machine. 
If most of the load be on the negative side, the current flows 
out the neutral wire and back through the series fields, 
boosting the voltage on that side only. Such operation is 
evidently not satisfactory, and so the divided series fields 
are provided. 

40. Wires Connecting the Balance Coils to a Three- 
wire Generator must be short and of low resistance. Any 
considerable resistance in these will affect the voltage regula- 
tion. The unbalanced current flows along these connections; 
consequently, if they have 
much resistance, the re- 
sulting drop in voltage 
reduces the voltage on the 
heavily loaded side. 

41. Switches. Are Not 
Ordinarily Placed in the 
Circuits Connecting the 
Collector Rings to the 
Balance Coils.— When 
necessary, the coils may 


Fic. 42.—One three-wire direct cur- ‘ 
rent generator, 125-150 volts, in par- be disconnected from the 


allel with one two-wire generator, 250 


volts. Diagram of connections. generator by raising the 


brushes from the collector 
rings. Switching arrangements often make it necessary to run 
the balance-coil connections to the switchboard and back. 
This necessitates heavy leads to keep the drop low. If 
heavy leads are not used, then poor regulation may result. 
The balance coils are so constructed that there is very little 
likelihood of anything happening to them that will not be 
taken care of by the main circuit-breakers. Complete 
switchboard connection diagrams are given in Figs. 40, 42 and 
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43. Fig. 44 shows a simplified diagram of two three-wire 
generators arranged for parallel operation. 

42. Commutating-pole, Three-wire Generator Connections 
(Fig. 45) are so made that one-half of the commutating- 
pole winding is in the positive side and the other half is in 
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Fig. 43.—Diagram of connections of two three-wire direct-current gen- 
erators operating in parallel, 125-250 volts. 
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Fic. 44.—Two three-wire generators (of the type having the balance 
coil mounted in and rotating with the armature) connected for parallel 
operation. 


the negative side. This insures proper action of the inter- 
poles at unbalanced load. See Figs. 40, 42 and 43 and the 
text accompanying them. 


43. The Sources of the Losses in Direct-current Motors 
and Generators are (Fig. 46): (1) The resistance of cir- 
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cuits carrying current, including those of the armature, 
field coils, interpoles and brush contact; (2) hysteresis and 


‘Commuteting- 
Pole Coil 


-*+ Bus Bor 


Fic. 45.—Connections for the parallel operation of two commutating- 
pole, three-wire generators. 


eddy currents in the armature-core structure; (3) friction, 
including that of the commuta- 
tor and bearings, and windage, 
or the friction produced by the 
rotation of the armature in the 
alr. 

44. Performance Data for 
Standard Compound-wound 
Direct-current, Commutating- 
pole Generators will be found 
Titi 1| tabulated in - the “authere 

ap AEE 
AMERICAN ELECTRICIAN’S HANp- 
BOOK. ‘The efficiencies at vari- 
ous loads, and the current out- 
puts at the different standard 
voltages for machines of the 


Horsepower Output ae 
Fia. 46.—Losses, individual Standard capacities are there 
and total, in a 20 h.p., 220- given. 


volt, direct-current motor, or 
in an equivalent generator. 45. The Performance Guar- 

: antees on Direct-current Gen-. 
erators for reciprocating engine drive are still made on the 


so-called ‘“‘normal”’ basis described hereinunder. It is not 
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improbable that all direct-current generators will ultimately 
be rated on the continuous basis (Art. 47a). These nor- 
mally rated direct-current generators are usually guaranteed 
to operate continuously at their full-rated (nameplate) kilo- 
watt outputs with a temperature rise not to exceed 40 
deg. C. and furthermore they will operate at an overload of 
25 per cent. above their normal or nominal ratings for two 
hours with a temperature rise not to exceed 55 deg. C. 
Direct-current generators for turbine drive are also rated on 
the normal basis and will deliver continuously their rated kw. 
outputs with a 45-deg.:C. rise and have an overload capacity 
of 25 per cent. for two hours, with a rise not to exceed 55 
deg. ‘These rises are now all based on an ambient (Art 47)) 
temperature of 25 deg. C.* 

46. Performance Data for Direct-current Motors will be 
found tabulated in the author’s AmMERiIcAN ELECTRICIAN’S 
Hanpspooxk. The current inputs and efficiencies of machines 
of different capacities and voltages are there shown. 

47. Performance Guarantees on Direct-current Motors are 
now usually made on the so-called ‘‘normal” basis. How- 
ever, it is probable that all motors made in this country will 
shortly be rated on the continuous (Art. 47a) basis. The 
normal rating usually given these motors specifies that 
they will operate continuously at their rated (nameplate) 
horse-power outputs with a temperature rise not to exceed 
40 deg. C. and that they will operate at a 25 per cent. over- 
load for two hours with a temperature rise not to exceed 55 
deg. C. The above rises are now based on an ambient (Art. 
47b) temperature of 25 deg. C.* 

47a. Continuous Rating.j—A machine thus rated shall be 
able to operate continuously at rated output, without exceed- 
ing the limitations referred to in Std. Rule No. 260. 


Nors.—Rule 260 is: “To insure satisfactory results, electrical ma- 
chinery should be specified to conform to the Institute Standardization 


*Note, from Art. 47, that 25 deg. C., though it is now used by practically all 
manufacturers for d. c. machines is not the standard recommended by the A.I.E.E. It 
is probable that the standard 40 deg. ambient temperature will ultimately be adopted 
universally. : 

7 A. I. E. E. Standardization Rules. 
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Rules, in order that it shall comply, in operation, with approved limita- 
tions in the following respects, so far as they are applicable: (a) 
Operating temperature. (6) Mechanical strength. (c) Commutation. 
(d) Dielectric strength. (e) Insulation resistance. (f) Efficiency. (9) 
Power factor. (h) Wave shape. () Regulation. 

47b. The Ambient Temperature* is the temperature of 
the air or water which, coming into contact with the heated 
parts of a machine, carries off its heat. (See Arts. 47 and 256.) 

Nors.—For water-cooled machinery, the standard temperature of 
reference for incoming cooling water shall be 25° C* (77 deg. F), measured 
at the intake of the machine. ‘The standard* ambient temperature of 
reference for air shall be 40 deg. C (104 deg. F).” 

48. To Compute the Kilowatt Output, or the Current, or 
Voltage of any Direct-current Generator, it is merely 
necessary to remember that the product of current X voltage 
= watts and that there are 1,000 watts in a kilowatt. Thus: 


ie A 


(2) kw.o = 7,000 (kilowatts) 
(3) B= eM (volts) 
(4) Ihe ki.0 1,000 ee (amperes) 


Wherein, kw.o = the power output of the generator, in kilo- 
watts. E =the e.mf., in volts, which the generator im- 
presses at its terminals on the line. J = the current impelled 
by the generator, in amperes. 

Exampie.—What is the kilowatt output of a direct-current gen- 
erator when it is impressing 500 volts on its external circuit and im- 
pelling a current of 124 amp.? SoxiutTion.—Substitute in equation (2): 
kw.o = (EF X I) + 1,000 = (500 X 124) + 1,000 = 62 kw. 

Exampie.—A certain 220-volt direct-current generator has a full-load 
rating of 50 kw. What is the full-load current of this machine? 
SoLution.—Substitute in equation (4): J = (kw. X 1,000) + # = © 
(50 X 1,000) + 220 = 227 amp. 

49.'To Compute, for a Direct-current Generator, Either 
the Horse-power Input, the Kilowatt Output or the Efficiency 
when the Values for Any Two of these Quantities are . 


*A. I. E. E. Standardization Rules, December 1916, 
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Known (it being remembered that there are 746 watts in a 
horse-power) the following formulas may be used: 


kw. 
(5) hpi = E0746 (horse-power) 
(6) kw.o = hips X E X 0.746 (kilowatts) 
kw. 3 
(7) E = hepa X 0.746 on 46 (efficiency) 


Wherein, all of the symbols have the same meanings as in 
Art. 50 except that kw.o = the output in kilowatts of the 
generator. 


Exampie.—lIf a direct-current generator delivering 400 kw. has at 
that load an efficiency of 87 per cent., what horse-power is then required 
to drive the machine? Soxutron.—Substitute in equation (5): h.p.i = 
kw.y + (E X 0.746) = 400 + (0.87 X 0.746) = 400 + 0.65 = 615.4 h.p. 


50. To Compute, for a Direct-current Generator, Either 
the Horse-power Required to Drive it, its Voltage, Current 
or Efficiency when the Value of only One of these Quantities 
is not Known, one of the following formulas may be used: 


EX! 
(8) hp. = Ex 746 (horse-power) 
(9) ine h.p.i ce x 746 Gale 
h.ps XE 4 
(10) ffs aot KT Cae 
EXxI ; 
ChE) k= hepa X 746 (efficiency) 
Wherein, h.p.; = the input of the generator in horse-power. 
E = the e.m-.f., in volts, impressed by the generator on the 


external circuit. J = the current impelled in the external 
circuit by the generator. E = the efficiency of the generator 
expressed decimally. 


Exampip.—What horse-power would be required at the pulley, 
P, of the direct-current, 220-volt generator shown in Fig. 47, when 
the machine was delivering 300 amp., assuming that its efficiency at 
this load is 90 per cent.? Sotution.—Substitute in equation (8): 
h.p« = (E X 1) + (E X 746) = (220 X 300) + (0.90 X 746) = 66,000 
+ 671.4 = 98.3 h.p. That is, under these conditions, 98,3 h.p. would 
have to be delivered at the pulley, P, to pull the load. 
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ExaMPLE.—What will be the efficiency of a 220-volt, direct-current 
generator, if, when it is delivering a current of 108 amp. it requires 37.5 
h.p. at the pulley of the generator to drive it? So~utron.—Substitute 
in equation (11): E = (EZ X 1) + (h.pu X 746) = 23,760 + 27,975 = 
0.849 or, say, 85 per cent. 


Direct-Current Genera 
(; Hides at this ~~» 
Load = 90%) 
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Fic. 47.—Example in figuring size of steam engine required to drive a 
direct-current generator. 


51. To Find the Size Engine Required to Drive a Direct- 
current Generator first compute the horse-power necessary 
to drive the machine at full-load by using equation (8). — 
Then, select the engine of such a capacity that it will drive 
the generator, the overload capacity of the engine and the 
generator, if there is such, being considered in each case. If 
the generator is rated on the maximum or continuous basis, 
due allowance must be’ made for this in selecting the engine. 
If the generator is to be belt-driven an allowance for a power 
loss of from 2 to 5 per cent. in the belt drive should also be 
made. 


Nots.—For a direct-current generator, 0.746 X engine brake horse- 
power = the kilowatt capacity of the engine, which would be the power 
input, in kilowatts, to the generator. Multiplying this quan- 
tity by the assumed efficiency of the generator will give the kilo- 
watts output of the generator. Where this generator efficiency is 
not known it may be assumed to be 90 per cent., which is an average 
value. Thus, for a working approximation: 0.90 0.746 x brake 
horse-power = the kilowatt rating of generator. A complete table 
of the efficiencies of direct-current generators of various capacities 
will be found in the author’s AmericAN ELEcrTRIcrIaAN’s HANDBOOK. 
In the discussion immediately preceding, it has been assumed that 
the brake horse-power of the engine in question is known. If it is 
not, a sufficiently accurate expression for brake horse-power may be | 
obtained by multiplying the indicated horse-power of the engine by 
its efficiency, an average value for which may be taken as 90 per cent. 
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ExamPLe.—What size internal-combustion engine, that is, gas, 
gasoline or oil engine, should be used to drive the 50-kw. normally 
rated, direct-current generator shown in Fig, 48? So.tution.—N ormally 
rated generators usually have an overload capacity of 25 per cent. 
for two hours. Hence, the maximum power that this machine could 
develop for any considerable length of time would be: 50 kw. 1.25 
= 62.5 kw. Now, from equation (5), h.pi = kw.o + (E X 0.746) = 
62.5 + (0.84 X 0.746) = 99.6 h.p. That is, 99.6 h.p. would be re- 
quired in mechanical power at the generator pulley, to produce 62.5 kw. 
of electrical power at the generator terminals. Assuming a belt 


50 kw. Normally Rated 
Direct-Current Generator 
(Efficiency = 847%) 


Belt Loss = Voltmeter hy 


(a 


Belt Drive. 


Fie. 48.—Example in computing size of gas-engine required to drive a 
direct-current generator. 


loss of 5 per cent. there would be required at the engine flywheel: 
99.6 hp. X 1.05 = 104.6 h.p. Hence the engine, H, should have a 
rating of at least 104.6 h.p. if the full capacity of the generator is to be 
developed. Normally, combustion engines have little, if any, overload 
capacity. In practice, a 100-h.p. internal-combustion engine would 
probably be used for the application in this discussion. 

Examp.Le.—lIf the generator shown in Fig. 47 had a normal full-load 
rating of 100 kw. and an efficiency of 90 per cent., there would be 
required to drive it at full-load: 100 kw. + 0.90 =111 kw. Now, 
the horse-power equivalent of 111 kw. is: 111 kw. + 0.746 = 149 h.p. 
Then, if a belt loss of 3 per cent. be assumed, the engine would have 
to develop,when full-load is on the generator, 149 h.p. + 0.97 = 154 
h.p. That is, an engine rated at about 154 brake horse-power should 
be used to drive this machine. The overload capacity of a steam 
engine, as engines are usually rated, is about equivalent to the overload 
capacity of a normally rated, direct-current generator. 


52. Direct-current Motors are of the same construction 
as direct-current generators having the same types of 
windings. That is, the construction of a shunt-wound motor 
is the same as that of a shunt-wound generator, a compound | 
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wound motor the same as a compound-wound generator, 
and so on. In fact, the electrical machinery manufacturers 
frequently use precisely the same direct-current machines for 
generators as for motors, merely changing the nameplates 
on them, as occasion requires, before shipping them. 
Hence, it follows that much of the information relating to 
direct-current generators given in the preceding pages will 
apply directly to direct-current motors. 

53. Performance Data for Direct-current Motors (stand- 
ard efficiencies, ratings, speeds and similar information) will be 
found tabulated in the author’s AMERICAN ELECTRICIAN’S 
HANDBOOK. 

54. The Output or Horse-power of a _ Direct-current 
Motor, or any other motor for that matter, is proportional 
to the product of its torque and its speed. 

55. The Torque of a Direct-current Motor is proportional 
to its effective magnetic field, the number of armature con- 
ductors, and the current or amperes flowing in the armature. 

56. The Speed of a Direct-current Motor is proportional to 
the following ratio:—[(voltage impressed on motor terminals) — 
(volts drop due to armature-circuit resistance)| + [(number of 
armature conductors) X (effective magnetic field) |. 

57. Commutation of Direct-current Motors.—Before com- 
mutating-pole motors were manufactured, commutation 
determined the overload capacity of direct-current motors. 
A modern commutating-pole motor will carry 100 to 125 per 
cent. overload, that is, 2 to 2.25 times the normal or full- 
load without sparking. The heating of the machine under 
load is now a more important factor than formerly 

58. Direct-current Motors of the Series, Shunt and Com- 
pound Types Have Different Speed Characteristics.*—That 
is, as the load on an unloaded motor is increased, its speed may ~ 
decrease slowly or rapidly or remain practically constant, de- 
pending on how the motor is wound (series, shunt or com- 
pound) and on its design. Motors of all types should develop 


* See article, ‘‘ Speed\Characteristics of Direct-current Motors,” Alan M. Bennett, ~ 
Power, Jan. 26, 1915. 
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their rated speeds at full-load after they have been in opera- 
tion for a sufficient period to attain their maximum full-load 
temperatures, hence the term ‘‘speed of a motor’? means the 
full-load speed under these conditions. Variations from the 
rated speed may be conveniently considered at two periods 
in the operation of the motor, namely: (1) at the time the 
_ motor is started cold; and (2) at no-load, but after the motor 
has attained its working temperature. The amount by which 
the speed under the first condition differs from the rated speed 
is known as the speed variation of the motor. It is sometimes 
referred to as the variation from “cold to hot” at full-load. 
The change from rated speed at no-load, but at working tem- 
perature, that is, the difference between full-load speed and 
no-load speed, is known as the speed regulation of the motor. 
Speed regulation is usually 
expressed as a percentage of 
the full-load speed. For each 
condition the departure from 
rated speed is expressed as a 
percentage of the rated speed. 
As would be inferred, both the 
speed variation and the regu- 
lation may differ for motors 
of the same general class and 
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Amperes 


' the same rating because these 
characteristics are determined 
by the designs of the ma- 


Fia. 49.—Graphs showing speed 
characteristics of shunt motors of 
different designs. Curve I from a 
20-h.p. four pole, 230-volt, 900 


r.p.m. Motor. Curve II from a 
50-h.p. four-pole, 230-volt, 575 
r.p.m. motor. Curve III from a 
4-h.p. four-pole, 230-volt, 235 
r.p.m. motor. (Electric Journal.) 


chines. See Fig. 49. It can 
be shown that the speed of a 
motor varies directly as the 
impressed voltage minus the I 
< R drop in the armature circuit and inversely as the flux. 
In this expression, J = the armature current, and R = the 
resistance of the motor windings and the brush contacts 
which are in series with the armature. It follows that any 
condition affecting the operation of a motor which tends to 
increase either this J X R drop or the flux, will lower the 
speed of the motor. Conversely, a decrease in either flux or 
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I X R drop will raise the speed. How this J xX R drop and 
the flux vary in motors with series, shunt and compound wind- 
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Fig. 50.—Graph indicating the torque and speed characteristics of a 
series-wound direct-current motor. (A 37.5 h.p., 4-pole, 230-volt, 540 
r.p.m. machine.) 
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Fie. 51.—Performance curves for a direct-current series-wound motor. 


ings, and thereby affect the speed, and why they vary in ma- 
chines with these different types of windings will be briefly 


Sec. 1] GENERATORS AND MOTORS 37 


discussed in following articles. Speed variation and control 
of series-, shunt-, and compound-wound motors are further 
treated in Arts. 121, 124, and 125. 

59. The Speed-torque Characteristics of a Series-wound 
Direct-current Motor are shown graphically by the graph of 
Fig. 50. It will be noted that the speed decreases rapidly 


as the load on (amperes 
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creases. Furthermore, the 
torque developed by the 
-motor increases as the cur- 
rent increases. The signifi- 
cance of these graphs is 
further explained in the ex- 
ample following Art. 61, 
which discusses the graphs of 
Fig. 51; see also the compar- 
ative graphs, A, B, C and D, 
of Fig. 52. 

Some of the variation in 
the speed of a series motor is 
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eee Cece ele alet te 


Poi, Peat YP SD a ea 
due to the J X R drop in its oa) “10 ee 
mpert 


brush contacts, armature and Fig: 82, -Cfaphs compari gies 
series winding. However, speed-load characteristics of 10 
most of the variation is due P. shunt, ses: and compound 
to the fact that the flux— 
which is generated by the series-field winding which carries 
line current—increases almost directly with the load. The 
I X R drop increases somewhat because R, the resistance 
of the armature, remains practically constant but I, which 
-with.a series motor is the line current, increases directly with 
the load. The fact that as the motor is loaded its windings 
become hotter and hence have a higher resistance than at 
no-load, also has the same effect. Hence, this heat effect 
would tend to increase the I X R& drop and lower the speed, 
but in practice it is of little consequence. 

Note that with the series motor the increase of temperature 
has an ultimate effect opposite to that which obtains with a 
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shunt motor (Art. 63), for which increased temperature re- 
sults in increased speed. The speed variation in an average 
series motor due to increased temperature is, at full-load, 
approximately 2 per cent. This is almost negligible, especially 
as compared with the change in speed of the motor due to 
the change in its series-field current—or load. While the 
change in speed produced by the I X F drop due to a change 
of load is greater with a series than with a shunt motor (be- 
cause as the load increases, the J X FR drop in the series-field 
exciting winding is increased), it is small as compared with 
the change in speed due to flux variation. In fact it can be - 
shown that the speed of a series motor, particularly when it 
is operating below the saturation point of the field, will vary 
almost exactly inversely with the change of flux. ‘This proves 
that the J X R drop is of little consequence. Fig. 52 shows 
graphically how much more rapidly the speed of a series motor 
changes with the load than does that of a shunt or lightly 
compounded motor. 

60. Theoretically, a Series Motor Will Run at an Infinite 
Speed when Pulling No-load.—Practically, one of these ma- 
chines if connected across a source of constant e.m.f. and 
operated without a load will ‘speed up” until it bursts its 
armature band wires and throws the armature winding out 
of the slots by centrifugal force. That is, unloaded series 
motors “‘run away.” 

61. The Method of Reading Direct-current, Series-wound, 
Motor Performance Graphs* is illustrated by Fig. 51. To 
determine the nominal full-load characteristics of a motor hay- 
ing the curves illustrated, proceed as follows: 


ExamPLE.—First find the point at which the brake horse-power curve 
intersects the 20-h.p. horizontal line (20 h.p. being the nominal rating 
of the motor). This point is on the 80-amp. vertical line. The char- 
acteristics of the motor at nominal full-load will be those denoted by 
the curves at the points where the 80-amp. vertical line intersects them. 
Thus the motor will take 80 amp.; the torque will be 175 lb. at 1-ft. 
radius; the speed will be about 600 r.p.m.; the efficiency 84 per cent.; and 
it will take 35 min. continuous operation for the motor temperature _ 
to rise to 40 deg. C. 


* WestINGHOUSE PUBLICATION, 
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If the motor is, for example, required to develop 250 lb. torque, its 
characteristics under this condition are found in a similar manner, the 
proper ampere vertical line being that which intersects the point where 
the 250-lb. torque horizontal line and the torque curve intersect—in 
this case 105 amp. 

An inspection of the curves shows that the torque is maximum at start- 
ing and decreases as the speed increases. The higher the torque, the 
greater the current required and the more rapidly the motor temperature 
will rise. Moreover it is evident that the rating of 20 h.p. for this motor 
is arbitrary only. This rating is based on the power developed with a 
temperature rise of 40 deg. C. in one-half hour’s continuous operation; 
if the motor is operated continuously for periods of one hour, it could 
not be conservatively rated above 15 h.p., while if the periods of opera- 
tion are very short and intervals of rest long, a rating of higher than 20 
h.p. would be satisfactory. 


62. The Proper Connections for a Shunt Motor are as shown 
in Fig. 53. The field B is connected as shown, so that, when 
the main switch Dis closed, it becomes excited before the arma- 
ture circuit switch at E is closed. Thus, when the motor 


Shunt Field 


Fig. 53.—Control apparatus connections for a shunt motor. 


armature has current admitted to it by the closing of switch 
at E and by the operation of starting rheostat A, the field is 
already on, and the full torque of the motor is thereby ob- 
tained at starting. The torque of a motor is equal to the 
product of flux per pole, the ampere-turns on the armature, 
and the number of poles. Hence, if the full field is not on 
the motor at the instant of starting, full torque will not be 
obtained at that instant. See also Figs. 83, 86, and 104 for 
connections for starting equipment for direct-current shunt 
motors. 

63. The Speed Characteristic for a Shunt Motor is shown 
in Fig. 54. See also Fig. 55. It will be noted that the speed 
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remains almost constant from no-load to full-load and that 
the torque increases almost 
directly with the load. With 


‘ | a shunt motor on a constant- 
58 i potential circuit, since the 
§, 5 shunt-field winding, Fig. 9, is 
2 = . connected directly across the 
es = constant-voltage supply 
Sx : : source, the main flux remains 
= 


almost constant at all loads. 
ees fe ee 0” However, as the motor heats, 
Reem Typical -apesd tance the resistance of the shunt- 
graph of a shunt-wound motor. field winding will increase, 

which decreases correspond- 

ingly the shunt-field exciting current and the main flux. But 
this flux is decreased slightly, which tends to make the 
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Fic. 55.—Typical performance graphs for a shunt motor. 


motor “speed up.” ‘Tests show that the speed increase due 
to increase in temperature of the shunt-field winding is, from 
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“cold to hot” at full-load, from 4 to 8 per cent. for commercial 
motors. But this tendency toward an increase in speed, due 
to increased resistance of the field winding, has little effect in 
practice because the J X R drop in the motor armature as 
the load comes on the motor more than offsets its temperature 
effect. Obviously, as the load on the motor increases, the 
I X FR drop in the armature circuit increases in proportion and 
it is due to this that the speed of a shunt motor decreases from 
no-load to full-load as shown in Figs. 54 and 52. Tests indi- 
cate that the speed regulation of shunt motors as they are or- 
dinarily manufactured ranges from about 4 to 6 per cent. 

64. By Shifting the Brushes the Tendency of a Shunt Motor 
to Decrease in Speed as its Load Increases can be Partially 
Offset in non-commutating pole motors. The reverse is also 
true. To effect this result, the brushes should be shifted 
“backward.” By this procedure, a portion of the flux due 
to the armature ampere-turns is caused to oppose the main 
flux. This weakens the main flux with the result that the 
speed of the motor is increased. 
However, brush shifting can be 
utilized to increase the speed 
of a motor only within the = 
limits wherein sparking at the © 
commutator will not be ex- 3 
cessive. 

65. The Speed Regulation 
of a Commutating-pole Shunt 
Motor is affected by the ac- > amperes 
tion of the commutating poles. Tie tonne ae a 
These commutating poles pro- justable-speed shunt motor. 
duce a weakening effect on the 
main-field flux similar to that produced by the current in the 
armature. ‘The result may be an increase in the speed with 
the load (Fig. 56). This effect is particularly noticeable 
with adjustable-speed motors when they are being operated 
at high speeds—that is, with weak fields. Then, due to the 
action of commutating poles, a motor may rotate at a 
higher speed at full-load than at no-load, as shown at AB, 
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Fig. 56. In commutating-pole motors, brush shifting is not 
feasible, hence, even if it were necessary, this expedient 
could not be utilized to maintain the motor speed constant. 
In the graph of Fig. 56, it will be noted that the motor 
has a normal speed of 400 r.p.m. which can be, by means of 
shunt-field control, increased to 1,200 r.p.m. At the normal 
speed, CD, the regulation is within 114 per cent., the speed 
remaining practically constant. At the higher apes AB, 
the revolutions per minute actually increase about 2 per cent. 
or 25 r.p.m. from no-load to full-load. 

66. The Speed Characteristics of Shunt Motors of Different 
Designs are shown in Fig. 49, from which it is evident that 
the properties, in so far as speed is concerned, of the shunt 
motor may be subject to considerable variation in machines 
of various designs. 
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Fic. 56a.—Partial sectional elevation of the armature-shifting-design, 
Reliance adjustable-speed motor. 

66a. The Reliance Adjustable-speed Motor employs a 

novel method of varying the field which the armature inductors 

cut whereby the speed of the motor is changed. Typical 

designs for a motor of this type are shown in Figs. 56a and 

56b. The motor is, in essence, as shown in Fig. 56a, a shunt- 

wound, direct-current, commutating-pole motor of the usual 


design. However, there are these important differences: (1) 
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The armature, A, together with its shaft, may be shifted 
longitudinally by a handwheel, H, so that the armature may 
be made to lie wholly or only partially, at the will of the 
operator, under the influence of the main-field-pole (P) flux. 
(2) The commutating poles, C (Fig. 56a) are located at the 
commutator ends of the main poles. 

When the handwheel, H, is turned to such a position that the 
armature lies wholly between the main poles then the armature 
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Fic. 56b.—Reliance adjustable-speed motor, type AS armature-shifting 
design. (Reliance Electric & Engineering Co., Cleveland, Ohio.) 


inductors are cutting a maximum of flux and the motor will 
rotate at its slowest speed. But, if the handwheel is turned 
until the armature lies, insofar as it can be made to do so, out- 
side of the influence of the main-field poles, then the armature 
inductors cut a minimum flux and the armature will rotate 
at its greatest speed. Obviously, an infinite number of run- 
ning speeds between the maximum and minimum are obtain- 
able. Speed variations of 10 to 1 are, it is claimed, satis- 
factorily attained in practice. 
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It is apparent that in a motor of this type the main fields 
are always saturated because the effective area or cross section 
of iron which carries flux decreases as the armature is shifted 
laterally. The result is that the field distortion is little greater 
when the armature is rotating at a high speed and carrying 
full-load current than when it is operating under full-load 
at low speed with the armature directly under the main poles, 
where maximum flux cuts its inductors. A variable-speed 
motor of this type has a number of attractive features. Pos- 
sibly the most important is the simplicity of the entire arrange- 
ment and the ease of installation, inasmuch as no speed-ad- 
justing rheostat and the relatively complicated wiring incident 
thereto is necessary. Motors of this type are reversible when 
equipped with reversing type starters. 

The motor exhibits the usual Na UstRG epee shunt- 
motor characteristics. That is, when adjusted for one given 
speed, it will rotate at that constant speed under a variable 
load. The decrease in speed—the motor being adjusted for 
operation at some certain speed—from no-load to full-load 
is said to be very small and to compare favorably with that — 
of the best constant-speed-motor practice. The United 
States Government, American Steel & Wire Co., Illinois Steel 
Co., Pennsylvania Railroad and large users have purchased 
motors of this type. Itis apparent that they are well adapted 
for individual drive for machine tools where an adjustable- 
speed motor is necessary and it is in this service that they 
have found their widest application. 

67. The Speed Characteristics of a Compound-wound, 
Direct-current Motor (since a motor of this type has both 
shunt- and series-field windings) partake of the character- 
istics of both shunt and series motors. Fig. 57 shows 
typical performance graphs of one of these machines. As 
is evident from the graphs B and C of Fig. 52, a compound- 
wound motor may, in so far as the speed characteristics 
are concerned, be made to resemble a series or shunt motor, 
depending upon the percentage of the field flux due to the 
series and the shunt windings, respectively. The motor 
of graph B (Fig. 52) has a very poor speed regulation, 
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while that of graph C has a fairly good regulation—about 
12 per cent. 

68. Compound-wound Motors may be Either Differential 
or Cumulative (Fig. 21) asmay compound-wound generators. 
The cumulative compound-wound motor has its series field 
so connected that it “assists” the shunt winding. Thus, the 
main field of a motor of this type is strengthened as the 
_ load increases. The result is that some of the properties of a 
series motor—namely, powerful starting torque and rapid 
acceleration—are obtained. But when the series winding is 
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Fie. 57.—Typical performance graphs for a compound-wound motor. 


differentially connected (Fig. 21, II), it ‘‘opposes” the 
shunt-field winding. Such an arrangement would tend to 
compensate for the J X R drop from no-load to full-load and 
render the motor a constant-speed machine. That is, as 
the load increases, the effect of the flux of the shunt field is 
decreased by the action of the series field. The tendency 
is then for the speed, instead of decreasing due to the I X R 
drop, to remain constant. Differentially wound motors are 
seldom applied because of operating disadvantages, chief 
among which are low starting toraue and inability to success- 
fully handle overloads. 
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69. A Comparison of the Speed Characteristics of Shunt, 
Series- and Compound-wound Motors is given graphically 
in Fig. 52. This comparison is on the basis of motors of 
the same general construction and design but having wind- 
ings of the different types. 

70. The Effect of Commutating Poles on the Speed Regula- 
tion of Motors.*—At overloads the effect on non-com- 
mutating pole motors is a decrease in speed proportional to 
the load; but on commutating-pole motors the speed in 
many cases tends to increase between full-load and 100 per 
cent. overload. Commutating-pole motors will, therefore, 
have approximately the same speed at twice full-load as at 
full-load. If the effect of the commutating poles is too 
strong, the tendency is to make a commutating-pole motor 
oscillate in speed. ‘This speed oscillation will cause a similar 
variation of armature current of gradually increasing in- 
tensity, until something gives way; a fuse will blow, a cir- 
cuit-breaker open or the motor will be injured by “bucking 
over,” that is, flashing across brushes, or burning out the 
armature. 

There is a relation between speed regulation and stability. 
A commutating-pole motor can be designed to be stable at 
over-loads. This will increase the drop in speed. Better 
speed regulation makes stability less certain. Reliable de- 
signers of this type of motor strike a happy medium be- 
tween these two factors and the commercial result is that 
in most cases these motors can be safely operated on in- 
termittent loads where the maximum load is twice the 
rated load. 

A large reduction in speed, insuring a stable motor, is an 
advantage in machine-tool applications. It often occurs when 
long, continuous cuts are taken, that on one part of a casting 
the depth of cut is greater than on another, due to irregu- 
larities in casting. When cutting through the heavy part 
the speed should be reduced, thus protecting the cutting tools 
and machine tool as well as the work. For this reason ad-. 


* Ammrican Macuinist, Sept. 26, 1912. 
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justable-speed motors, with a speed reduction as high as 
25 per cent., can be used to advantage. 

72. To Compute Either the Kilowatt Input, Horse-power 
Output, Efficiency, Impressed Voltage or Current of any Di- 
rect-current Motor, the other quantities being known, one of 
the following formulas may be used: 


KkwxXE EXIXE 


(12) h.p.o = 5741.6 7 COOne (horse-power) 
h.p.o X 14.6 © 
oe Kam ae 
h.p.c X 74,60 ; 
Po ee (efficiency per cent.) 


z “Beit Des 
YX 70 /ndividual 
\ lachines 


*~~-Direct- Current 
Motor 
Efficiency is 86%) 


--Voltmeter 
Reads 220 Volts 


oe 
Reads 80 Amp, 


Fic. 58.—Example in computing the horse-power output of a direct- 
current motor. 


h.p.o X 74.6 


(14) Kyte eae (kilowatts) 
h.p.o X 74,600 

(15) E= EXI (volts) 
h.p.c X 74,600 

(16) l= a (amperes) 


Wherein, h.p.. = power output of the motor, in horse-power. 
Kw; = power input to the motor, in kilowatts. E = efficiency 
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of the motor, in per cent., at the output h.p... H = the em. 
impressed on the motor, in volts. J = the current taken by 
the motor, in amperes, for the output h.p.o. 


ExamPLE.—What horse-power will the direct current-motor, M, of 
Fig. 58—which has, under the conditions of this example, an efficiency 
of 86 per cent.—deliver to the line shaft, L, if the e.m.f. impressed 
across its terminals is 220 volts, and it is taking 80 amp.? Assume 
that the loss in the belt drive, B, is 3 per cent. Sontution.—To ascer- 
tain the horse-power delivered by the motor at its pulley, P, substitute 
in equation (12):h.p.. = (H XI X E) + 74,600 = (220 x 80 X 86) + 

4,600 = 1,513,600 + 74,600 = 20.3 h.p., which is the power delivered 
at P. Because of the belt loss, the 
power delivered to the line shaft L, 
would be 3 per cent. less than this, 
or, 0.97 X 20.3 = 19.7 h.p. 

Exampie.—What is the efficiency — purrey Driving toad-/- 
of the direct-current motor of Fig. y 
59, under the test conditions there 


Motor is 
Deliverin 
32hp at Motor //7 
Pulley. 


Noltmeter _-*Direct-Current. ““Ammeter 
i Reads 220V. , Motor 3 Reads What ? 


Reads 220 
Volts 


Fia. 59. . Fic. 60. 


Fic. 59.—Example in computing the efficiency of a direct-current 
motor when its horse-power output, its current input and its voltage 
are known. 

Fic. 60.—Example in finding current taken by a motor, its horse-power 
output, voltage and efficiency being known. 


specified? The power output as measured by the Prony brake is 16.2 
h.p. The impressed e.m.f. is 220 volts and the current taken by the 
motor is 64 amp. So.ution.—Substitute in equation (13): E = (h.p.o 
X 74,600) + (EF X I) = (16.2 X 74,600) + (220 X 64) = 1,208,520 
+ 14,080 = 85.8. Hence, the efficiency of this motor under the con- 
ditions illustrated is 85.8 per cent. 

ExamMPLe.—What current will be taken by the motor of Fig. 60, it 
being known that it is delivering 32 h.p. at its pulley, P, that its efficiency 
at this load is 88 per cent., and that the e.m.f. impressed across its ter- 
minals as read by the voltmeter is 220 volts. Sonurion.—Substitute 
in equation (16): J = (h.p.o X 74,600) + (E X #) = (82 X 74,600) + 
(88 X 220) = 2,387,200 + 19,360 = 123.3 amp. That is, an ammeter, 
if inserted at J, would read 123.3 amp. 
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SECTION 2 
MANAGEMENT OF DIRECT-CURRENT GENERATORS 


73. To Start a Shunt-wound Generator.*—Note the di- 
rections in 76 concerning the oiling arrangements and bringing 
the machine up to speed. (1) See that the machine is entirely 
disconnected from the external circuit. This is not always 
necessary, but is safest. See that the field resistance is all in 
circuit. (2) Start the armature turning. (3) When the arma- 
ture has attained speed, cut out field resistance until the vol- 
tage of the machine is normal or equal to that on the bus-bars. 
(4) Close the line switch, watching the ammeter and volt- 
meter and make further adjustment with the field rheostat if 
necessary. 

74. To Shut Down a Shunt-wound Generator.—(1) Reduce 
the load insofar as possible by inserting resistance in the shunt- 
field circuit with the field rheostat. (2) Throw off the load 
by opening the circuit-breaker, if one is used, otherwise open 
the feeder switches and finally the main generator switches. 
(8) Shut down the driving machine. (4) Wipe off all oil and 
dirt, clean the machine and put it in good order for the next © 
run. 

75. Parallel Operation of Shunt Generators.—As suggested 
in Art. 14 shunt-wound generators do not operate successfully 
in parallel because they do not divide the load well and the volt- 
age of one is liable to rise above that of another and drive itasa’ 
motor. When it is running as a motor its direction of rotation 
will be the same as when it was generating, hence, the oper- 
ator must watch the ammeters closely for an indication of 
this trouble. Shunt generators are now seldom installed and. 
are seldom operated in parallel, although they can sometimes 

* Westinghouse Hlec. & Manfg. Co. , 
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be made to work that way. Where there are several in a 
plant the best arrangement is to divide the total load between 
them, giving each its own distinct circuit. Fig. 62 shows the 
connections for shunt generators that are to be operated in 
parallel. Sie 

76. To Start a Compound- ondereral | || 
wound Generator.—(1) See eal 
that there is enough oil in the 3 
bearings, that the oil rings are Sound. om 
working, and that all field re- $%5->(@ 
sistance is cut in. (2) Start & 
the prime mover slowly and ° 
permit it to attain normal 
speed. See that the oil rings . 77 

E ° qualizer 
are working. (3) When ma- ~ 4s 
chine is rotating at normal Fic. 61.—Equalizer carried di- 
; rectly between machines. 

speed, cut out field resistance 
until voltage of the machine is normal, that is, equal to or a 
trifle above that on the bus-bars. (4) Throw on the load. 
If three separate switches are used, as in Figs. 13 and 61, 
close, the equalizer switch first, the series-coil line switch 


Line Switch 
i 


Fig. 62.—Connections for shunt generators for parallel operation. 


| |+Bus Connection 
todSwitchboard 


“Fositive (+) Bus-Bar. 


Line Switch 


- Bus -Bar 
» 8us-B8ar 


second, and the other line switch third. If a three-pole switch 
is used, as in Figs. 22, 63, 64, and 65, all three poles must of 
course, be closed at the same time. (5) Watch the voltmeter 
and ammeter and adjust the field rheostat until the machine 
takes its share of the load. A machine generating the higher 
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voltage will take more than its share of the load and if its 
voltage is too high it will run 
the other as a motor. 
77. To Shut Down a Com- 
pound-wound Generator 
Operating in Parallel with 
Others.—(1) Reduce the load 
ae on as much as possible by throw- 
Ves} | ash ing in resistance with the field 
Shunt _| rheostat. (2) Throw off the 
' load by opening the circuit- 
breaker, if one is used, other- 
= aa 3} wise open the main generator 
switches. (8) Shut down the 
driving machine. (4) Wipe 
See Ge wer + off all oil and dirt, clean the 
Fic. 63.—Connections for one machine and put it in good 
unit of two-generators in series serv- 
ing a three-wiresystem. (This out- order for the next run. If 
fit is not arranged for parallel opera- the machine is operating in- 
tion.) d dently and tor; 
ependently and no motors 
are connected to the circuit, close the engine throttle valve 
and permit the engine 
and generator to come to | l 
rest. Turn all resistance pe 
in the field rheostat. Gel la 
Open the main switch. 
Where motors are served 
they must be disconnect- 
ed first. If they are not, 
a loaded motor may stop 
when the impressed volt- 
age decreases somewhat ¥ as! (Geng 7 (Gen) Feld 
below normal. Then, ‘ 
since its armature is not Mee sapattice 
Fic. 64.—Diagram of connections of 


turning, it is in effect a two dire et-current commutating-pole 
short-circuit and may generators in parallel with one generator 


without commutating poles. 
blow fuses or make other ae 
trouble. 


Note: 


board. 
$~250V. 
/Amp.Fuss 
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78. In Starting and Shutting Down Three-wire Generators, 
and two-wire machines serving a three-wire system (diagrams 
for the parallel operation of which are shown in Figs. 66, 63, 


Positive Bus ---, Neutral Bus --. Negative Bus~, 


TD et 


Positive “--Negative 
Equalizer Equalizer 


~Switth.- Bus Pye Switch-- 
3 s 
BILE % k & 
Aas SE 
es 2 & 
en Ps s s oA 
iS S 
& ==: A 
z x 
Series Field ‘Sorias*Fieldl 


Fic. 65.—Arrangement of two groups of two-wire generators operating 
in parallel feeding a three-wire system. 


_. Double - Pole 
“ Single-Throw 
Switch 


_--+* Double-Pole Single- 
Throw Switches--------7 


-- Series 


I- Two-Wire Generator ‘I- Two, Two-Wire Generators Connected to Bus Bars 
Connected to Bus Bars For Independent Operation on a Three-Wire Sustem 


Fic. 66.—Connections for two-wire generators. 


44 and 67) the same general procedure is followed as with 
ordinary two-wire units as above described. 

79. Parallel Operation of Compound-wound Generators* is 
readily effected if the machines are of the same make and 


_ * Westinghouse Elec. & Manfg. Co. 
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voltage or are designed with similar electrical characteristics. 
The only change usually required is the addition of an equalizer 
connection between machines. If the generators have different 


TO ++ 


a ce ee 
Wh vcarolonG ingle - Throw 
Circuit ah Pe sun 
i ad x Sa 1 
Breaker A « )) Crrcuit Breakers 
D AY & Dy | ox’ 
g 
OS 
& 
ae 
eR 


-Circunt 
' Breaker 


Series Field 


q: Shunt Field! 
“Armature 


Y0)QQQ0 0QQ000 
S~ Series Fields-’ 


Fia. 67,—Arrangement of connections for the parallel operation on a 
three-wire system of a three-wire generator and two, two-wire generators 
in series. 


compounding ratios it may be necessary to readjust the series- 
field shunts to obtain uniform conditions. 

80. Testing for Polarity—When a machine that is to 
operate in parallel with others is connected to the bus-bars 


Equalizer 
sea 


10 Volt 
¥ Incandescent 


Maire Switch , alle amp ¢ Main Switch <= 
Temporary». 4 
< Series Connection? Voltmeter 
Field I mig 
-Armature Test with Lamps. Test with Voltmeter. 


w_ Shunt Field 
‘I Correct Polarities. 


Fia. 68.—Tests for polarity. 


for the first time it should be tested for polarity. The 
+ lead of the machine should connect to the + bus-bar 
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and the — lead to the — bus-bar (Fig. 68, J). The machine 
to be tested should be brought up to normal voltage, but 
not connected to the bars. The test can be made with two 
lamps (Fig. 68, IZ), each lamp of the voltage of the circuit. 
Thus, each is temporarily connected between a machine 
terminal and bus terminal of the main switch. If the lamps 
do not burn, the polarity of the new machine is correct, 
but if they burn brightly its polarity is incorrect and should 
be reversed. A voltmeter can be used (Fig. 68, III). A 
temporary connection is made across one pair of outside termi- 
nals and the voltmeter is connected across the other pair. 
No deflection or a small deflection indicates correct polarity. 
(Test with voltmeter leads one way and then reverse them, as 
indicated by the dotted lines.) A full-scale deflection indi- 
cates incorrect polarity. Use a volt-meter having a voltage 
range equal to twice the voltage on the bus-bars. 

81. An Equalizer, or Equalizer Connection, connects two 
or more generators operating in parallel at a point where the 
armature and series-field leads join (see Fig. 13), thus con- 
necting the armatures in multiple and the series coils in mul- 
tiple, in order that the load will divide between the genera- 
tors in proportion to their capacities. The arrangement of 
connections to a switchboard* is shown in Fig. 22. Con- 
sider, for example, two compound-wound machines operating 
in parallel without an equalizer. If, for some reason, there 
is a slight increase in the speed of one machine, it would 
take more than its share of load. The increased current 
flowing through its series field would strengthen the magnet- 
ism, raise the voltage, and cause the machine to carry a 
still greater amount until it carried the entire load. Where 
- equalizers are used, the current flowing through each series coil 
is proportional to the resistance of the series-coil circuit and is 
independent of the load on any machine; consequently an 
increase of voltage on one machine builds up the voltage of 
the others at the same time, so that the first machine cannot 
take all the load but will continue to share it in proper 
proportion with the other generators. 


* Westinghouse Elec. & Manfg. Co. 
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82. Connecting Leads for Compound Generators.—Be cer- 
tain that all the cables which connect from the various ma- 
chines to the bus-bars are of equal resistance. This means 
that if the machines are at different distances from the 
switchboard, different sizes of wire should be used, or resist- 
ance inserted in the low-resistance leads; see Art. 84. With 
generators of small capacity the equalizer is usually carried 
to the switchboard, as suggested in Fig. 64, but with larger 
ones it is carried under the floor directly between the 
machines (Fig. 61). In some installations the positive and 
the equalizer switch of each machine are mounted side by side 
on a pedestal near the generator (Fig. 61). The difference in 
potential between the two switches is only that due to the 
small drop in the series coil. The positive bus-bar is carried 
under the floor near the machines. This permits of leads 
of minimum length. Leads of equal lengths should be used 
for generators of equal capacities. If the capacities are un- 
equal (see Art. 84) it may be necessary to loop the leads. 
See Fig. 61. 

83. Ammeters for Compound Generators should, as in 
Fig. 22, always be inserted in the lead not containing the 
compound winding. If cut in the compound-winding lead, 
the current indications will be inaccurate because current 
from this side of the machine can flow either through the 
equalizer or the compound-winding lead. | 

84. To Adjust the Division of Load Between Two Com- 
pound-wound Generators.—First adjust the series shunts of 
both machines so that, as nearly as possible, the voltages of 
both will be the same at 144, %, 34, and full-load. Then 
connect the machines in parallel, as suggested in Fig. 18, for 
trial. If upon loading, one machine takes more than its 
share of the load (amperes), increase the resistance of the | 
circuit through its series-field-coil path until the load divides 
between the machines in proportion to their capacities. Only 
a small increase in resistance is usually necessary. The 
increase may be provided by inserting a longer conductor 
between the generator and the bus-bar, or iron or German-— 
silver washers can be inserted under a connection lug. In- 


% 
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asmuch as (when machines are connected in parallel) ad- 
justment of the series-coil shunt affects both machines 
similarly, the division of load between the two machines 
cannot be altered by making such adjustment. 

85. Operation of a Shunt and a Compound Dynamo in 
Parallel is not successful because the compound machine 
will take more than its share of the load unless the shunt 
machine field rheostat is adjusted at each change in load. 

86. Three-wire Direct-current Generators Can be Op- 
erated in Multiple* with each other and in multiple with other 
machines on the three-wire system. See Figs. 40, 41, 42, 
43, 44, 45 and 67. When operating a three-wire, 250-volt 


a Buse” 
--Series Field 


~Three-Wire % 
Generator 


| ,2-Wire Generators, 


+ Equalizer-- 


= ¢-Series Field 


Bus ~~ 


Fic. 69.—Two 125-volt, two-wire generators and one 250-volt three- 
wire generator connected for parallel operation. 


generator in multiple with two two-wire, 125-volt generators 
(Figs. 40, 67 and 69) the series field of the two two-wire 
generators must be connected, one in the positive side and 
one in the negative side of the system, and an equalizer must 
be run to each machine. Similarly, when operating a three- 
wire, 250-volt generator in multiple with a 250-volt, two- 
wire generator (Figs. 41 and 42) the series field of the 250- 
volt, two-wire generator must be divided and one-half 
connected to each outside wire. The method of doing this 
is to disconnect the connectors between the series-field coils 
and reconnect these coils so that all the north-pole fields 


* WESTINGHOUSE PUBLICATION. 
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will be in series on one side of the three-wire system and all 
the south-pole fields in series on the other side of the system. 

87. The Connections Where Two-wire Generators are 
Operated to Feed a Three-wire System are, where the units 
are operated in parallel, shown diagrammatically in Fig. 65. 
It will be noted that both a positive and a negative equalizer 
bus are required. Fig. 63 illustrates the connections where 
only one pair of two-wire generators is utilized to serve a 
three-wire system and a similar arrangement is shown in 
Fig. 66, IT. 

88. As There are Two Series Fields, Two Equalizer 
Buses are Required When Several Three-wire Machines 
are Installed (see Figs. 40 and 41) and are to be operated in 
multiple. The two equalizers serve to distribute the load 
equally between the machines and to prevent cross-current 
due to differences in voltage on the different generators. 

89. An Ammeter Shunt (S; and Ss, Fig. 33) is mounted 
directly on each of the terminal boards of the three-wire 
machines. The total current output of the machine can 
thereby be read at the switchboard. As the shunts are at the 
machine, there is no possibility for current to leak between 
generator switchboard leads without indicating a reading 
on the ammeters. Two ammeters must be provided for 
reading the current in the outside wires. It is important 
that the current be measured on both sides of the system, 
for with an ammeter in one side of the system only, it is 
possible for a large unmeasured current to flow in the other 
side with disastrous results. 

90. Switchboard Connections for Three-wire Generators 
are shown in principle in preceding illustrations. Fig. 43 is 
a diagrammatic representation of the switchboard connec- 
tions for two three-wire generators operated in multiple.* | 
Two ammeters indicate the unbalanced load. The positive 
lead and equalizer are controlled by a double-pole circuit- 
breaker; the negative lead and equalizer likewise. Note 
that both the positive and negative equalizer connections 
as well as both the positive and negative leads are run to the — 


*WESTINGHOUSE PUBLICATION. 
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circuit-breakers in addition to the main switches on the 
switchboard. It is necessary that this be done in all cases. 
Otherwise, when two or more machines are running in mul- 
tiple and the breaker comes out, opening the main circuit 
to one of them but not breaking its equalizer leads, its arma- 
ture is left connected to the equalizer bus-bars and current 
is fed into it from the other machines through the equalizer 
leads, either driving it as a motor or destroying the arma- 
ture winding. See also Figs. 40 and 42. 

91. Commutating-pole Machines Will Run in Multiple 
with each other and with non-commutating pole machines 
provided correct connections are made. See illustrations. 

The series-field windings on commutating-pole machines 
are usually less powerful than on non-commutating-pole; and 
particular attention should, therefore, be paid to insuring 
the proper drop in accordance with instructions of Art. 84. A 
connection diagram is shown in Fig. 64. 

92. How to Reverse the Direction of Rotation of Direct- 
current Generators and Motors for a shunt-wound machine 
is indicated in Fig. 70. Rotation is clockwise when, facing the 


I. Counterwise Rotation. II Counterwise Rotation. 
E Clockwise Rotation. Cline Wire Polarity Reversed) (Armature leads Keversed) 


Fic. 70.—Changing rotation direction of shunt machine. 


commutator end of a machine, the rotation is in the direction 
of the hands of a clock. Counter-clockwise rotation is the 
reverse. It is desirable, when changing the direction of rota- 
tion, not to reverse the direction of current through the field 
windings. If it is reversed the magnetism developed by the 
windings on starting will oppose the residual magnetism and 
the machine may not ‘‘build-up.’’ Connections for reversing 
compound machines are shown in Fig. 71. A multipolar ma- 
chine can be reversed as shown by reversing the brushes on 
the studs and then relocating them on the neutral points. 


o 
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93. To Reverse the Direction of Rotation of a Commutating- 
pole Generator (Fig. 25) reverse the shunt and, if there are 
such, the series fields, as in an ordinary generator. See Figs. 
70 and 71. 

94. When Starting Up, a Generator May Fail to Excite It- 
self.*—This may occur even when the generator operated per- 
fectly during the preceding run. Usually this trouble is caused 
by a loose connection or break in the field circuit, by poor 
contact at the brushes due to a dirty commutator or perhaps 
to a fault in the starting box or rheostat, or incorrect position 
of brushes. Examine all connections; try a temporarily in- 
creased pressure on the brushes: look for a broken or burnt- 


Series Field. Short Field 


I. Clockwise Rotation, I. Counterclockwise Rotation 
: (Main Leads Reversed) 


Field Rheostat 


Lqualie 
IL. Counterwise Rotation. Multipolar Machine 
(rmatore leads Keversed) Clockwise Rotation. Counterclackwise Fotation. 


Fra. 71.—Changing rotation of compound machine. 


out resistance coil in the rheostat. An open circuit in the 
field winding may sometimes be traced with the aid of a 
magneto bell; but this is not an infallible test as some mag- 
netos will not ring through a circuit of such high resistance 


* 


and reactance even though it be intact. If no open circuit is 


found in the starting box or in the field winding, the trouble 


is probably in the armature. But if it be found that nothing — 


is wrong with the connections or the winding it may be 


necessary to excite the field from another generator or some. 


other outside source as described below. 
94a. To Excite a Field from an Outside Source.—Calling 


the generator it is desired to excite No. 1, and the other ma- 


* WestTIncHouss INstrucTION Book, 


es 
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chine from which current is to be taken No. 2, the follow- 
ing procedure should be followed. Open all switches and 
remove all brushes from generator No. 1; connect the positive 
brush holder of generator No. 1 with the positive brush holder 
of generator No. 2; also connect the negative holders of the 
machines together (it is desirable to complete the circuit 
through a switch having a fuse 
of about 5 amp. capacity in 
series). Close the switch. 
Where the generator in trouble 
is connected to bus-bars fed by 
other generators, the same re- 
sult can be effected by insulat- foul 
ing the brushes of the machine 
2 is No.2 Shunthield-* No |. SETS 
in trouble from their commu- ‘Armature aor, 
tator and closing the main Fie. 72.—Exciting a generator 
switch. See Fig. 72. If the with an external source of e.m.f. 
shunt winding of generator No. 1 is intact its field will show 
considerable magnetism. If possible, reduce the voltage of 
generator No. 2 before opening the exciting circuit; then 
break the connections. If this cannot be done, throw in all 
the rheostat resistance of generator No. 1; then open the 
switch very slowly, lengthening out the 

Cais A lia are which will be formed until it breaks. 

95. A Simple Means for Getting a 
Compound-wound Machine to Pick Up 
is to short-circuit it through a fuse 
ri having approximately the current capa- 

Fig. 73.—One method city of the generator. See Fig. 73. 
of making a compound- Tf sufficient current to melt this fuse 
wound generator build - Ser é 
up. is not generated, it is evident that there 

is something wrong with the armature, 

either a short-circuit or an open circuit. If, however, the fuse 
has blown, make one more attempt to get the machine to 
excite itself. If it does not pick up, it is evident that some- 
thing is wrong with the shunt winding or connections. 

96. If a New Machine Refuses to Excite and the connections 
seem to be all right, reverse the connections, 7.e., connect the 


— Bus Bar 


+ Bus Bar 


Serres Field 
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wire which normally leads from the positive brush, to the nega- 
tive brush and the wire which normally leads from the 
negative brush, to the positive brush. If this change of con- 
nections does not correct the difficulty, change the connections 
back as they were and locate 
the fault as previously sug- 
gested. 

97. Sometimes When a 
Generator Fails to Excite, 
tapping the iron of the field 
structure with a hammer will 
correct the difficulty. 
Another method that is often 
successful is shown in Fig. 74; 
flat copper strips about 14 in 
wide are held in position by 
an assistant across the brush- 
holder studs so that the ends 
of the strips will contact with the commutator on the line A1A>. 
These strips form a path to the armature which is of much 
lower resistance than the path through the brushes. There- 
fore, when high brush-contact resistance is the difficulty, this 
expedient is very effective. 
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Fia. 74.—Metal-strip brushes in 
machine which will not excite. 
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Fic. 75.—Proper polarity sequence for the poles of a direct-current 
machine and one method of testing for polarity. 


98. Polarity of Field Can Be Tested in Two Ways.* (The 
other “nail’’ method is described in detail in following Art. 
100:—First, by using a compass, bringing it near the various 


* Raymond’s Moror. Trousites and Pownmr, July 21, 1914, p. 86. 
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poles and noting the direction of the deflection of the needle. 
Since in all direct-current generators and motors the poles 
should alternate in magnetic polarity, Figs. 75 and 76, I (in 
one pole the magnetism “coming out” and the next “going 
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Fig. 76.—Showing correct and incorrect polarities of field coils. 


in”’) it follows that a certain end of a compass needle will 
point toward one pole and away from the next when con- 
ditions are normal. If, however, two adjacent poles show 
similar magnetism, the trouble is located, and the offending 
spool should be reversed. This may have to be done by rota- 
ting the field coil, on its axis, 
through 180° and then recon- 
necting it. The mechanical ‘ae 
construction of some coils will  ~; 
not permit their being turned 
end-for-end. 

99. Direction of Magnetism Fic. 77.—Current and magneti- 
is Determined by the Follow- zation of pole. 
ing Rule.—‘“‘Looking at the 
face of an electromagnet (such as the field spool of a motor), 
a pole will be north if the current is flowing around it in a 
direction opposite to the motion of the hands of a watch,” Fig. 
77, and south if in the same direction as the motion of the 

bands of a watch. 
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100. Another Method of Determining Whether the Direc- 
tion of Magnetism of the Poles is Correct is to use two or- 
dinary nails, their lengths depending upon the distance be- 
tween pole-tips. Instead of using two nails, a piece of iron 
rod long enough to reach from one pole to another—A or 
B, Fig. 75, II—may be employed. The point of one nail 
should touch one pole-tip, the point of the other nail the 
other pole-tip, and the heads of the nails should touch each 
other. When the current flows around the field spools, 
the polarity between any two poles is properly related if 
the nails placed as suggested stick together by the magnet- 
ism or if the iron bar is held strongly between the poles. If 
there is little or no tendency for the nails or the bar to be 
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Fig. 78.—A polarity-testing coil used by the British Westinghouse 
Company. 

held to the poles the polarity of the two adjacent poles is the 
same and therefore wrong. . 

101. An Inductive Polarity Tester* is shown in Fig. 78. 
In use the leads A and B of the coil are connected to a direct- 
current millivoltmeter. Then, if the coil is moved toward 
an excited field magnet, the millivoltmeter needle will indicate 
a momentary deflection in one direction. This direction 
will change with the polarity of the field coil under test. 
Usually a greater deflection will be obtained if the testing coil 
is moved slowly toward the excited field and then quickly 
withdrawn. If it is withdrawn from a south pole it will 
move, say to the right. Then if it is withdrawn from a north 
pole it will move toward the left. Thus, by testing the poles 


* ELECTRICAL WORLD, Jan. 9, 1915, p. 102. 
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around a direct-current machine in rotation it is possible to 
ascertain whether the connections have been made correctly 
or incorrectly. By exercising caution this device can be used 
with machines which are in operation. Where a milli- 
voltmeter is not available a moving-coil ammeter, which has 
had its shunt disconnected, may be utilized. Low-reading volt- 
meters (1 or 3 volts) can be employed provided the test- 
ing coil is wound with many turns of small-diameter wire. 
102. In Placing the Field Coils on a Direct-current Genera- 
tor or Motor they should be tested, prior to mounting on the 
machine, to insure that their polarities will alternate as shown 
in Fig. 76, J, around the frame. Hence, before installation, 
the coils should be arranged on the floor and connected in series 
across a source of voltage equal to that which will be im- 
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Fig. 79.—Determination of polarities of field coils with a magnetized 
nail. (Powsr, July 21, 1914, p. 86). 


pressed on the group of field coils when they are in operation 
on the machine. Then, the normal exciting current should 
_be permitted to flow through the coils, and a compass (Fig. 
76, I) should be held in the core space of each of the coils 
in succession. If the coils are correctly arranged, the needle 
will point alternately north and south in adjacent coils as 
shown. But, if the coils are not properly connected the com- 
pass needle will point in the same direction in adjacent coils, as 
shown at A and B in JJ. Where a coil indicates incorrect 
polarity it should be turned end for end. That is, in Fig. 76, 
II, coil B should be turned end forend. If no compass needle 
is available, a nail, or preferably a short piece of hard-steel 
wire, may be magnetized and used for a polarity indicator 


as illustrated in Fig. 79. Such a piece of metal can be made 
5 
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into a permanent magnet by holding it in the core space of 
one of the coils. When the coils are properly arranged, the 
nail or piece of steel wire can be moved from one coil to the 
other along the curves such as those indicated by the dotted 
lines in the illustration. In making this test with a nail it is 
necessary to exercise precaution to insure that the polarity of 
the nail or wire does not become reversed while the test is 
being conducted. 

103. In Determining the Polarities of Commutating=pola 
Windings.*—If the armature of a six-pole generator is rotating 
in a clockwise direction, then the commutating pole which _ 
stands in the position corresponding to the 11 o’clock mark 
of the clock should have the same polarity as the main pole 
corresponding to the 12 o’clock mark and so on all the way 
round. On the other hand, each commutating pole of a motor 
should have the same polarity as the main pole preceding it 
in the direction of rotation. With a six-pole motor running in 
a clockwise direction, the commutating pole in the 11 o’clock 
position should have the same polarity as the main pole in 
the 10 o’clock position. 

103a. Sometimes the Commutating Poles of a Machine 
Show Correct Polarity When There is a Good Load on the 
Machine but Behave Irregularly on Light Loads.—This may 
be due to slight irregularities in the mechanical construction of 
the machines. If a commutating pole is not in the center 
of its neighboring poles, but is nearer, say, to the main north 
pole than to the main south pole, then the commutating-pole 
tip will show south polarity even if there is no current flowing 
in its windings. Therefore, with a very light load, the current 
ina commutating-pole winding, and tending to make the pole, 
say, a north pole may not be strong enough to overcome the 
polarity caused by the unequal setting. The same condition 
will occur if the air gap between the armature and north pole 
is smaller than that between the armature and south pole. 

104. The Management of Brushes on Direct-current Gen- 
erators is treated under the general heading of brush troubles 
in Art. 190 and ‘succeeding articles. 

* ELECTRICAL Wor tp, Jan. 9, 1915, p. 102. 
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105. In Caring for Commutators they should be kept smooth 
by the occasional use of No.00 sandpaper. Asmall quantity of 
high-grade, light-body oil may be used as a lubricant. The 
lubricant should be applied to high-voltage generators on a 
piece of cloth attached to the end of a dry stick. If the com- 
mutator becomes “‘out of true” it should be turned down. 
By using a special slide rest and tool this can be done while 
running the engine at a reduced speed without removing the 
rotating part from the bearings. Inspect the commutator 
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surface carefully to see that the copper has not been turned 
over from segment to segment in the mica and remove by a 
scraper any particles of copper which may be found embedded 
in the mica. Keep oil away from the mica end-rings of the 
commutator as oily mica will soon burn out and ground the 
machine. See Sec. 3 for information relating to commutator 
troubles and their correction. 

106. In Handling an Armature care must be exercised to 
prevent injury to its windings. The armature may be re- 
moved from a machine with a rope sling, as shown in Fig. 80. 


68 ELECTRICAL MACHINERY [Arr. 107 


After it has been taken out of the frame, a wooden spreader 
should be arranged in the sling as shown in Fig. 81 to pre- 
vent the rope from abrading the winding of the commutator. 
An armature can be replaced as shown in Fig. 82. Pieces 
of stiff sheet-fiber should be utilized, as shown in the 
illustrations, to prevent portions of the frame of the ma- 
chine from damaging the commutator or winding insulation. 

107. Drying Out a Generator or Motor.*—If a generator 
has been exposed to dampness, before being started in regular 
service it should be operated with 
its armature short-circuited be- 


‘( yond the ammeters and with the 
Ne ee field current adjusted so as to 

Rope Sting-NY Frame raise temperature to about 70 
aimee ale 


deg. C. (See Art. 247 for descrip- 
tion of method of measuring the 
insulation resistance of a machine; 
the low insulation resistance may 
ah ! ii = indicate moisture and vice versa.) 
: 7 g The current should then be per- 
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Fie. 82.—The first position atmosphere, as the moisture 
in removing or the last position would then again be condensed 
siaersping en armature, on the coils, and the machine 
brought to the same condition as at the start. 

108. There is Always Danger of Overheating the Wind- 
ings of a Machine When Drying Them with current, as 
the inner parts, which cannot quickly dissipate the heat 
generated in them and which cannot be examined, may. 
get dangerously hot, while the more-exposed and more-easily- 
cooled portions are still at a comparatively low temperature. 
The temperature of the hottest part accessible should always 
he observed while the machine is being dried out in this way, _ 
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and it should not be allowed to exceed the boiling point of 
water. It may require several hours or even days to 
thoroughly dry out a machine, especially if it is of large 
capacity. Large field coils dry very slowly. Insulation is 
more easily injured by overheating when damp than when dry. 


SECTION 3 


MANAGEMENT OF AND STARTING AND CONTROLL- 
ING DEVICES FOR DIRECT-CURRENT MOTORS 


109. The Management of Direct-current Motors is in 
many particulars—since (Art. 52) the construction of these 
motors and generators is the same—similar to that of 
direct-current generators. It is suggested, therefore, that 
any reader seeking information on this subject review Sec. 2 
on the ‘‘ Management of Direct-current Generators.” 

110. Control of Direct-current Electric Motors. Rheostats.* 
—A direct-current motor of any capacity, when its armature 
is at rest, offers a very low resistance to the flow of cur- 
rent and an excessive and perhaps destructive current 
would flow through it if it were connected directly across 
the supply mains while at rest. 


ExampLe.—Consider a motor adapted to a normal full-load current 
of 100 amp. and having an armature resistance of 0.25 ohm; if this 
motor were connected across a 250-volt circuit a current of 1,000 amp. 
would flow through its armature—in other words, it would be over- 
loaded 900 per cent, with consequent danger to its windings and also 
to the driven machine. In the case of the same motor, with a rheostat 
having a resistance of 2.25 ohms inserted in the motor circuit, at the 
time of starting the total resistance to the flow of current would be the 
resistance of the motor (0.25 ohm) plus the resistance of the rheostat 
(2.25 ohms), or a total of 2.5 ohms. Under these conditions exactly 
full-load current, or 100 amp., would flow through the motor, and 
neither the motor nor the driven machine would be overstrained in 
starting. This indicates the necessity of a rheostat for limiting the flow 
of current in starting the motor from rest. 


111. An Electric Motor is Simply an Inverted Generator; 
consequently when its armature begins to revolve a voltage 
is generated within its windings just as a voltage is gener- 
ated in the windings of a generator when driven by a. 


* The Electric Controller & Manfg. Co, 
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prime mover. This voltage generated within the moving 
armature of a motor opposes the voltage of the circuit 
from which the motor is supplied, and hence is known 
as a “counter-electromotive force.’ The net voltage tending 
to force current through the armature of a motor when the 
motor is running is, therefore, the line voltage minus the 
counter-electromotive force. In the case of the motor cited 
in the above example, when the armature attains such a 
speed that a voltage of 125 is generated within its windings, 
the effective voltage will be 250 minus 125, or 125 volts, and, 
therefore, the resistance of the rheostat may be reduced to 


Starting 
Rheostat, 


Field 
Marin Switch” 


Fig. 83.—Method of connecting starting box, cut-out and main switch 
for a four-pole, shunt-wound motor. 


1 ohm without the full-load current of the motor being 
exceeded. As the armature further increases its speed, 
the resistance of the rheostat may be further reduced until, 
when the motor has almost reached full speed, all of the 
rheostat resistance may be cut out, and the counter-electro- 
motive force generated by the motor will almost equal the 
voltage supplied by the line so that an excessive current 
cannot flow through the armature. 

112. In Practice, a Rheostat (Fig. 83) is Provided for 
Starting a Direct-current Electric Motor.—The conductor 
‘providing the resistance is divided into sections and is so 
arranged that the entire length or maximum resistance of 
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the rheostat is in circuit with the- motor at the instant of 
starting and that the effective length of the conductor, 
and hence its resistance, may be reduced as the motor 
comes up to speed. In cutting out the resistance of a 
starting rheostat it must not be cut out too rapidly. If the 
resistance is cut out more rapidly than the armature can 
speed up, a sufficient counter-electromotive force will not be 
generated to properly oppose the flow of current, and the 
motor will be overloaded. 

113. Rheostatic Controller.—If all the resistance of the 
starting rheostat (see above paragraph) is not cut out, the 
motor will operate at reduced voltage, and hence at less 
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Fig. 84.—Wiring connections for a series motor and its rheostat. 


than normal speed. A rheostat (Fig. 84) so arranged that 

all or a portion of its resistance may be left in a motor circuit 

to secure reduced speeds is called a ‘‘rheostatic controller.” 

Such rheostatic controllers are used for controlling series 

and compound-wound motors driving cranes and similar 

machinery requiring variable speed under the control of an 

operator. 

113a. In Starting a Direct-current Motor (see Fig. 85), close 

the line switch and move the operating arm of the rheostat 

(Figs. 86, 87 and 84) step by step over the contacts, waiting 

a few seconds on each contact for the motor speed to accelerate. 
If this process is performed too quickly the motor may ‘be in- 

jured by excessive current; if too slowly, the rheostat may be 

injured. If the motor fails to start on the first step, meve 

promptly to the second step and if necessary to the third, but. 
no farther. Ifno start is made when the third step is reached, 
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open the line switch at once, allow the starter handle to return 
to the off position, and look for faulty connections, overload, 
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Fig. 85.—Direct-current motor starting rheostat. 


etc. The time of starting a motor with full-load torque should 
not, as a general thing, exceed 15 sec. for motors of 5 h.p. and 
lesser output, and 30 sec. for those of greater output. 


Shunt Mofor.. 
poe ac es ae 


“Circuit —- 
or Fuse 


Starting 
Rheostat-7 


i Sel a pn HN 


D.C. Supply Line 


Fic. 86.—Wiring connections for a shunt motor and its starting rheostat 


114. In Stopping a Direct-current Motor, open the line 
switch. The starting-rheostat arm will return automatically 
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Fig. 87.—Wiring connections for a compound-wound motor and its 
rheostat. 


to the off position. Never force the operating arm of any 
automatic-starting rheostat back to the off position. 
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> 
115. Starting Rheostats for Shunt-, Compound- and Series- 
wound Direct-current Motors vary somewhat in detail, design, . 
and method of connection with the ideas of the different 
manufacturers. The rheostat shown in Fig. 85 is fairly typical 
of those for starting motors of outputs up to120h.p. Enclosed 
- Via starting rheostats (Fig. 88) may 
: frequently be employed to ad- 
B)) » -Circurt Breaker eee y ped 
116. The Low-voltage Release 
Device on a Starting Rheostat 
Btarting-— sa consists of a spring, which tends 
to return the operating arm to the 
off position,and an electromagnet, 
which, under conditions of normal 
voltage, holds the operating arm 
in the running position. The coil 
ceed eem of this magnet is regularly con- 
—¥ Motor nected across the circuit with a 
ae protecting resistance in series, but 
can be connected in series with 
the shunt field of the motor if 
specially required. If the voltage 
drops below .a predetermined 
value, the arm is released and 
returned by the spring to the off 
position. — ; 
117. Arcing Devices on Start- 
Fie. 88.—Connections of a 1g Rheostats.—Arcing tips con- 
drum controller with a com- sisting of pivoted fingers are some- 
cor gind motor. times mounted near the point 
where the circuit is opened. In passing to the off position 
a lug on the end of the arm strikes and deflects the tip, 
which is in electrical connection with the first stationary con- 
tact; the current is diverted to the tip, which snaps back when 
released and opens the circuit very quickly, thus rupturing 
the arc. Blow-out coils can, where necessary, be mounted be- — 
hind the first contact and will disrupt any arc formed in open- ~ 


ing the circuit. 
rip 


. 
* 


ey 
\ * Ske.-3] | DIRECT-CURRENT MOTORS 75 


: ‘ * 
~ 118. Overload Release Device on Starting Rheostats.—This 
device, which is not illustrated, includes an electromagnet, 
which, in case of over- 5, amntes 
load, attracts its arma- —fL— 
ture and forces an in- | 
sulating wedge between 
two contacts, separat- 
ing them and thereby 
opening the circuit of 
‘the low-voltage release 
magnet. The operat- 
ing arm returns im- 
mediately to the. off 
position. With some __ forkear connection. ForFront Connection. 
devices, the attraction Fic. 89.—Direct-current motor starting 
of the armature closes pare 
two contacts which places a short-circuit around the low- 
voltage release magnet, thereby 
deenergizing it and permitting the 
operating arm to return to the off 
position. It should be noted that 
the National Electrical Code rules 
require the use of fuses or circuit- 
breakers (see Art. 120 with each 
rheostat even though it be equipped 
with an overload release of this 
nature. 
118a. Starting Panels for Direct- 
current Motors are shown in Figs. 
89 and 90. Panels, of which the 
illustrations are typical, are very 
desirable in that they concentrate 
all of the apparatus for the motor’s 
EG. 90.—Wiring diagram of a ntrol oe Hangs point and greatly 
typical starting panel. simplify the wiring. Where such 
rt a panel is used, it is merely neces- 
_ sary to run the two line wires to the line terminals of the 
- panel, run the three leads between the motor and the panel 
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* 
and the installation is ready for operation. The designs of 
different manufacturers vary in details. The panels can be ~ 
obtained for either front or rear connection and with circuit- 
breakers or fuses for over-load protection. Which is preferable 
is determined by the characteristics of the installation in 
question. 

119. The Advantages and Disadvantages of Fuses vs. Cir- 
cuit-breakers may be summed thus: (1) Fuses have a time 
element that unmodified circuit-breakers do not have; that is, 
fuses will not open an overloaded circuit as quickly as will 
ordinary circuit-breakers. For this reason fuses may be pref- 
erable for motors that are liable to very brief overloads, 
especially where expert supervision of electrical apparatus is 
maintained, asin large mills and factories. A supply of extra 
fuses must be kept available. Where there are many fuse 
replacements the cost of fuse renewals is considerable. (2) 
Circuit-breakers can be reset in less time and with less trouble 
than is required to replace blown fuses, and no extra parts are 
required. Circuit-breakers may therefore be preferable where 
time saving is an important consideration. The first cost of 
the circuit-breaker equipment is more than that for fuses, but 
for severe service the circuit-breakers are much the cheaper 
in the long run. 

120. The National Electrical Code Rules Require That Each 
Motor and Its Starter be Protected by fuses or a circuit-breaker | 
and controlled by a switch which must plainly indicate whether 
on or off. The switch and cut-out (fuses or circuit-breaker) 
are, preferably, located near the motor and in plain sight of 
it. All wiring should be neat and workmanlike and the wires 
should be run in conduit wherever possible. For further in- 
formation relating to the ‘‘Code”’ requirements (governing the 
installation of motor-control apparatus) and the reasons and 
explanations therefor, see the author’s WirING For LIGHT AND 
Power. 

121. In a Series-wound Motor the Speed Varies Inversely 
as the Load (Fig. 84)—the lighter the load the higher 
the speed. See also Art. 59 under ‘‘ Direct-current Motors 
and Generators.” A series-wound motor of any size, when 
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supplied with full voltage under no-load, or a very light 
load, will ‘‘run away” just as will a steam engine without 
a governor when given an open throttle. For a given load, 
a series-wound motor with its rheostat in series draws the 
same current irrespective of the speed and for a given load 
the speed varies directly as the voltage. The speed at a 
given load may be varied by varying the resistance in the 
motor circuit; in the meantime if the load on the motor 
be constant the current drawn from the line will be constant 
regardless of the speed. 

122. Shunting the Field of a Series Motor.—The above 
statements relate to the use of a rheostat in series with a 
series-wound motor. If a resistance or rheostat be placed in 
parallel with the field of a series-wound motor the speed will 
be increased instead of decreased at a given load. This is 
known as shunting the field of the motor. This shunt 
would never be applied till the motor has been brought up 
to normal full speed by cutting out the starting resistance. 
With a ‘“‘shunted field’? a motor drives a load at a speed 
higher than normal and therefore requires a correspondingly 
increased current. 

123. Shunted Armature Connection of a Series Motor.—lf 
a resistance is placed in parallel with the armature of a series 
motor, the motor will operate at less than normal speed when 
all the starting resistance has been cut out. This connection 
is known as a “‘shunted armature connection” and is useful 
where a low speed is desired at light loads and is particularly 
useful in some cases where the load becomes a negative one, 
that is, where the load tends to overhaul the motor, as in low- 
ering a heavy weight. 

124. Speed Control of Shunt-wound Motors.—A shunt- 
wound motor (Fig. 86) unlike a series motor, when supplied 
with full voltage, maintains practically a constant speed re- 
gardless of variations in load within the limits of its capacity. 
See also Art. 63 under ‘‘Direct-current Generators and 
Motors.” It automatically acts like a steam engine having 
a very efficient governor. ‘The speed of a shunt-wound motor 
may be decreased below normal by a rheostatic controller in 
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series with its armature and may be increased above normal 
by means of a rheostat in series with its field winding. The 
latter rheostat is known as a ‘‘field rheostat,’’ and, to be ef- 
fective, must have a high resistance owing to the small cur- 
rent which flows through the shunt-field winding. 

125. Speed Control of Compound-wound Motors.—A com- 
pound-wound motor (Fig. 87) is a hybrid between.a series and 
shunt-wound motor and its characteristics are likewise of a 
hybrid nature. See also Art. 67 under “ Direct-current Gen- 
erators and Motors.’”’ A compound-wound motor will not 
“run away” under no-load as will a series motor, but its speed 
decreases as the load increases, though not so rapidly as is 
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the case with a series-wound motor. The characteristics of. 
the compound-wound motor render it particularly valuable in 
cases where the load is subject to wide variation. It will give 
a strong torque in starting and driving heavy loads and will 
not race dangerously when the load is suddenly relieved. 

126. The Speed of a Compound-wound Motor may be 
reduced below normal by means of a rheostat in the circuit 
of its armature. The speed may be increased above normal 
by shunting and even short-circuiting the series-field winding, 
and may be still further increased by means of a field rheostat 
in series with the shunt-field winding. 

127. Rotary, Drum or Machine-tool Type Controllers for 
Direct-current Motors.—Although controllers of this type 
(Figs. 91. 92 and 93) find their most frequent applications on 
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Fic. 93.—Connection diagram for machine-tool controller of medium 
capacity using drum for armature control and revolving arm for field 
* control. 
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machine tools, they are very desirable for any service where 
the work is severe and where the expense of an enclosed con- 
troller is justified. Machine-tool work usually requires a com- 
bination starting and speed-regulating controller, that is, one 
whereby the motor is started by cutting out armature resist- 
ance. After the motor is started its speed is regulated by 
varying the amount of resistance in series with the shunt fields 
These controllers can be purchased for this service and for 
control or starting service of practically any type. Themethods 
of construction and connection are so numerous that only one 
type of drum controller, one which is used for machine-tool 
service, will be described here. 

128. Advantages of Controllers of the Drum Type are that 
the contacts and arm are entirely enclosed and that the move- 
ment of a single handle in one direction or the other starts 
the motor in a corresponding direction and brings it to the 
running speed desired. The operating arm remains securely 
locked at the proper notch until released by the operator by 
pressing a button in the handle. 


EXxAMPLE.—There are two switching devices in the controller shown in 
Figs. 92 and 93. One connects to the armature or starting resistor and 
the other connects to the field control resistor. Both switching devices 
are operated by the same handle. In drum controllers of small capacity 
the armature switching device consists of an arm passing over contact 
buttons and all of. the resistors are mounted within the drum; that is, 
the controller is self-contained. In controllers of large capacity, the 
armature resistance is cut in and out by a rotating drum similar to that 
used in street-railway service and all of the resistors are mounted ex- 
ternal to the controller. The field resistance is cut in and out by a 
rotating arm passing over contact buttons in all but the largest con- 
trollers for which a drum is used. Are shields between drum segments 
and blowout coils are provided where necessary. The controllers can 
be arranged to provide dynamic braking. Speed ranges of from 1 to 2 
to, possibly, 1 to 6 are usually provided. 


129. Operation of Drum-type Controllers (see Figs. 92 and 
93).—Continuous movement of the operating handle in either 
direction first starts the motor in the corresponding direction 
of rotation, then\cuts out the starting resistance, and finally - 
cuts in the field resistance until the desired running speed is 


Src. 3] DIRECT-CURRENT MOTORS 81 


reached. The handle should be moved over the starting 
notches in not over 15 sec. for motors of possibly 10 h.p. 
capacity and in not over 30 sec. for larger motors. The start- 
ing resistance should not be used for speed control. For a 
quick stop when operating with weakened field, move the 
handle quickly to the first running notch, hold it there mo- 
mentarily and then move it to the off position; the application 
of full field strength when the speed is high causes dynamic 
braking, thus checking the speed quickly and without shock. 
For a very quick emergency stop, the handle can be moved 
to the first reversing notch after checking the speed by dynamic 


Fi oe cl Armature 


Assembly Wiring Diagram 


Fic. 94.—Non-automatic starting and speed-adjusting rheostat. 


braking, but this operation causes severe mechanical and 
electrical stresses; and should never be carried beyond the first 
notch. When the motor is to be at rest for any considerable 
length of time, open the line switch. 

130. A Non-automatic Starting and Speed-adjusting Rheo- 
stat for Direct-current Motors is shown in Fig. 94. This 
device has no low-voltage or overload protection, hence is 
suitable only for applications where skilled attendance is avail- 
able. The operating arm makes contact as it is revolved 
between the circular bars and the resistance contact buttons. 
There are a number of field-control steps, hence close speed 
adjustment over a considerable range can be obtained. The 
contact buttons of the inner circular segment are connected 
to the starting resistor and the contacts of the outer circle are 
connected with the running resistor. A reading of the follow- 
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ing paragraph describing the operation of the device will 
render clear the principles involved. 

131. Operation of a Non-automatic Starting and Speed- 
adjusting Rheostat* (Fig. 94).—To start the motor, close the 
line switch or circuit-breaker and move the operating arm of 
the rheostat over the starting buttons to the first running 
position (the point where the two 
bar contacts overlap). A motor 
_-~ Circuit Breaker starting with full-load torque 

ipod should be brought to this point 
in approximately 15 sec. Further 
movement of the operating arm 
as increases the motor speed by field 
Sarthe are = control. The motor can be oper- 
a eg tats ated continuously with the arm 
<f on any field contact button, but 
with rheostats of this design must 
not. be allowed to run on any 
starting button. To stop the 
motor, open the line switch or 
circuit-breaker and move the rheo- 
stat arm to the off position. The 
latter movement must not be for- 
gotten, since this rheostat has no 
automatic features. To protect — 
the motor in ease of failure of 
the power supply and its subse- 
quent return after the motor has 

Fig. 95.—Series motor con- stopped, a low-voltage release 

trolled with 8 drum controller. (+ ouit-breaker should be installed 
in series with each rheostat. The rheostat handle must be in 
the off position before the circuit-breaker is closed. 

132. A Regulating Controller for a Direct-current Series 
Motor is usually connected substantially as diagrammed in Fig. 
95. A non-reversing controller, C,is shown. Hence, when it 
is desired to reverse the direction of rotation of the motor the 


reversing switch, S, must be thrown to the reverse position. 
* Westinghouse Elec. & Manfg. Co. 


Controller -.. 


Reversing ---~~ a 
Switch 


Src. 3] DIRECT-CURRENT MOTORS 83 


The circuit-breaker or buses are shown at B and the main 
switch at M. 

133. The Connections of a Regulating Controller for a Com- 
pound-wound Motor are shown in Fig. 88. The external con- 
nections would be the same for either a shunt- or compound- 
wound motor of either the interpole or non-interpole types. 
The overload protection and main switch are located as in the 
previous example. 

134. The Principle of the Automatic Starter is illustrated 
diagrammatically in Fig. 96. Starters of some types employ 
the solenoid arrangement illustrated, while others (Fig. 99) 
involve a series of contactors or automatically operated 
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Fia. 96.—The elements of one type of automatic starter. 


switches which cut out the starting resistance as the motor 
_ speed increases. Where a solenoid-operated type of starter 
similar to that shown in the illustration is used, a master 
switch, M, or push button is utilized to close the control cir- 
cuit through an auxiliary switch. When the auxiliary switch, 
C, is thereby closed, this completes the circuit through the 
solenoid, S. Thus the solenoid is energized and the core is 
pulled up into it, which cuts out of circuit as the ccre rises the 
resistor sections of the starting rheostat. A dash pot, D, is 
provided, the piston in which is attached to the solenoid core. 
Thereby the core is prevented from rising abruptly and cutting 
out the resistor sections too rapidly. 
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135. Multi-switch Starters for Direct-current Motors are 
used for motors of large output and for motors of medium out- 
put that start under severe overloads. Starters of this type 
are built of capacities of about 50 h.p. and upward. Fig. 97 
shows a typical starter of this type. In the starter shown, 
when each switch is closed it compresses a spring which insures 
firm contact between the copper block contacts. The first 
switch of single-pole starters of the design illustrated and the 
first two switches of double-pole starters, close and open the - 
circuit. These switches are provided with arc-shields and 
blow-out coils. A mechanical interlocking device makes it 
impossible to close the switches in any but the proper order. 
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Fic. 97.—Multi-switch starter (single-pole starter is shown). 


Each starter is equipped with an overload release and a ° 
low-voltage release, which throw open all the switches in event 
of an overload or a failure of voltage. Both devices are effect- 
ive while the motor is being started, and the tripping point 
of each is adjustable over a range. The overload release can — 
be tripped by hand. In order to insure the closing of all the 
switches a pendant switch in series with the low-voltage release 
coil must be held closed until the last switch of the starter 
is closed; if this button is released before the last switch is 
closed, all the switches promptly open. The last switch auto- 
matically closes the release-coil circuit. 

A field relay switch is sometimes provided for use in con- 
nection with a separate speed-adjusting field rheostat. This ~ 
switch short-circuits the field rheostat during the acceleration 


Sec: 3] DIRECT-CURRENT MOTORS 85 


of the motor, so that the motor is always started with full field 
strength regardless of the position of the rheostat arm. If 
the field rheostat arm is at the off position, the short-circuit 
is automatically removed when the motor reaches full speed, 
but if there is more resistance in series with the motor shunt 
field than would be safe to insert in one step the field rheostat 
arm must be first moved to the off position before the rheostat 
is available for speed adjustment. 

136. In Starting a Motor with a Multi-switch Starter 
(Fig. 97) close the switches, one at a time, in regular con- 
secutive order. With the single-pole type starter the first 
switch closes the armature circuit with all the resistance in 
series and connects the shunt field of shunt and compound- 
wound motors directly across the line; each succeeding switch 
short-circuits a section of resistance. In the double-pole 
type the first two switches must be closed in order to admit 
current to the motor. With full-load torque, the motor 
should be started in 1 min.; with 50 per cent. overload, in 
30 sec. The motor is stopped by tripping the overload 
release. ; 

137. Magnet-switch Controllers (Figs. 98 and 99) consist 
essentially of a group of electromagnetically actuated 
switches. Magnet switches can be arranged into an almost 
innumerable number of combinations for different services. 

Only one arrangement which will illustrate the principles 
involved will be treated here. For further information see 
manufacturers’ catalogues. The switches are operated by 
shunt magnet coils. Their action can be manually or auto- 
matically governed. Fig. 98 gives cross-sectional views of 
~ two kinds of magnet switches. The rate of acceleration is 
controlled by a series relay the operation of which will be 
understood by reference to Fig. 99. This diagram shows 
a compound-wound motor connected to a three-point mag- 
net-switch controller with a one-point master switch. The 
magnet switches are shown at M,, Mz and M;, the main 
contacts at I, IJ, and III, and the interlocking contacts at 
a-d, b-b, f-f, etc. Main circuits are shown in heavy lines 
and interlocking circuits in light lines. 
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The series relay, h, is a small electromagnet, the plunger 
of which carries a contact disc which normally spans two 
stationary contacts s-s, in series with the magnet coil inter- 
locking circuit. ‘The magnet coil is connected in series with 
the main circuit and the amount of current required to lift 
the plunger can be adjusted by weights on the plunger. 
Note that the line switch in the diagram does not close 
either the motor or the magnet switch circuits. Operation 
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Fic. 98.—Sectional elevation of two typical magnet switches. 


does not begin until the master switch is closed. Closing 
the master switch connects coil M; across the circuit; the 
plunger rises closing contact J and bridging a-a with disc 1. 
The motor starts and the high starting current causes the 
series relay to open gap s-s, in the control circuit. As soon 
as the motor current falls to a point predetermined by the 
relay adjustment, gap s-s is again closed and coil M2 is con- 
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nected across the line through s-s, a-a and cc. Contacts 


Line Switch 


Fic. 99.—Magnet switch controller arranged for the automatic accelera- 
tion control of a compound-wound motor. 


II are then closed; interlocking contacts b-b and d-d are 


bridged and gap c-c is opened. 
Contacts IJ short-circuit resistance 
R.-R;, causing an increase in the 
motor current, so that the series 
relay again opens s-s. But the 
opening of c-c and the closing of 
b-b has meanwhile connected M, 
across the circuit independent of 
the relay, so that though the relay 
can delay the closing of a magnet 
switch, it has no control over one 
already closed. When the start- 
ing current decreases, gap s-s is 
again closed; coil M; is energized, 
closing contacts JII and connect- 
ing the motor directly across the 
line. The gap f-f is bridged with 
contact 4, so that the coil M; is 
removed from any further control 
by the relay. 


Fig. 100.—Assembly of a 
Magnet switch controller for 
elevator service showing how 
the switches may be mounted. 


If the voltage fails the magnet switches drop open. On 
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return of the voltage (the master switch remaining closed), 
they close automatically in the correct sequence to start 
and accelerate the motor. For some kinds of service an 
overload relay is used. This relay is similar to the series ac- 
celeration relay in operation but it is so connected that all 
but the first magnet switch drops open when an overload 
occurs. The motor now operates slowly with all the resist- 
ance in series with the arma- 
ay eres ture until the overload is re- 
moved, after which the open 
switches close as in starting. 
The point at which the relay 
will operate is adjustable by 
Wg geos weights on the plunger. 
Nepal Of the many applications 
ig | aE of magnet switches possibly 
the most important are the 
control of direct-current ma- 
chine-tool motors and eleva- 
tor motors. Fig. 100 shows 
a front view of a magnetic- 
switch elevator controller. 
138. Field Relay Switches 
are required where separate 
| rheostats are used for starting 
2000007 and controlling the speeds of 
eee motors. This is required by 
a eee nae relay 4 National Electrical Code rule 
to prevent the possibility of 
starting a motor with weakened field. The switch, shown in 
Fig. 101, mounted under the starter handle accomplishes this 
function by short-circuiting the field rheostat during accelera- 
tion so that the motor must always start with full field re- 
gardless of the position of the field rheostat arm. 'The switch 
shown, or a similar one, can be applied to ordinary starting 
and speed-regulating rheostats and generally should be 
mounted on the rheostat at the factory of the firm that 
furnishes it. 
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139. The Field Relay Switch Shown Consists of a small 
electromagnet, a pivoted switch bar, and a stationary 
contact. The switch bar is normally held away from 
the contact by a helical spring. The magnet-coil, switch bar, 
and contact are in series with a circuit that parallels the 
field rheostat. When the operating arm of the starting 
rheostat is moved to the first step, a pin on its hub 
presses the relay switch bar against its stationary contact, 
thus short-circuiting the field rheostat. As the arm is 
turned the pin on the starter hub soon releases the relay 
switch bar; but the relay electromagnet, energized when 
the contacts close, holds this bar temporarily in place. 
The winding of the relay electromagnet is so proportioned 
that if there is little or no resistance in series with the motor 
shunt field, the relay magnet will release the switch bar before 
the motor is brought to full speed, leaving the field rheostat 
available for speed adjustment. But if the field rheostat 
arm is turned so that there is more resistance in series with 
the shunt field than would be safe to insert in one step, 
the electromagnet will keep the relay switch closed until 
the arm of the field rheostat is brought back toward the off ~ 
position. 

140. Starting and Speed-adjusting (Field-control) Rheo- 
stats for Direct-current Shunt- and Compound-wound 
Motors.—There are as many and more designs as there are 
manufacturers, but the equipment shown in Figs. 102 and 
103 is typical and can be used for starting and regulating 
speed in non-reversing services where speed adjustment by 
field control is desirable. Fig. 104 shows the application of 
one of these rheostats to a compound-wound commutating- 
pole motor. The apparatus is so arranged that the motor is 
always started with full field strength. In case of failure 
of the voltage, the field control resistance is automatically 
short-circuited and the motor is disconnected from the line. 

140a. Construction of a Starting and Speed-adjusting 
Rheostat (Fig. 103).—The rheostat consists of a face plate 
carrying the contacts, operating arms, and safety devices, 
mounted in connection with two resistors. One resistor is 
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for starting and one is for adjusting the field strength. 
The face plate carries three rows of stationary contacts. 
The upper row is connected with the field adjusting re- 
sistor, the second row with the starting resistor; and the 
lower row contains a long curved segment for short- 
circuiting the field resistance in starting. A contact for 
short-circuiting the armature resistance when the arm is in 
the running position is sometimes provided. The face plate 
supports two arms, an operating arm and a short-circuiting 
arm, pivoted to the same hub and arranged so that they 
cannot pass each other. The operating arm carries the 
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stat. 


* 


A as 
handle and two contact fingers, one for the starting con- 
tacts and the other for the field contacts. The short- 
circuiting arm has a contact finger which slides over the con- 
tact bar, short-circuiting the field resistance in starting, 
and the armature resistance while running. In some designs 
this arm also carries laminated copper brushes which short- 
circuit the starting resistance when the arm reaches the 
running position. A spring tends to return the short-cir- 
cuiting arm to the off position. 

Under conditions of normal operation the short-circuiting 
arm is held in the running position against the force of the 
spring by an electromagnet connected across the line in series 
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with a protecting resistance. If the voltage falls below a 
predetermined point, the arm is released and returns to the 
off position, carrying the operating arm with it. Rheostats 
for this service are frequently arranged so that the circuit 
is opened between a lug on the operating arm and a small 
pivoted finger with a centering spring mounted near the first 
starting contact and connected to it electrically. The 
current is always broken abruptly no matter how slowly the 
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Fic. 104.—Connections of a starting and speed-adjusting rheostat for 
a shunt-wound, commutating-pole motor. 


arm may be moved. Blow-out coils are sometimes mounted 
on the rear of the face plate to disrupt any arc that may form. 

An overload release device can be mounted on all but 
the largest rheostats of this type. It consists of an 
electromagnet which, in event of an overload, opens the 
low-voltage magnet circuit, thus releasing the short-circuiting 
arm: The tripping point is adjustable. The National 
Electrical Code rules require the use of a circuit-breaker 
or fuses with a rheostat equipped with an overload release 
of this character.* 


* Westinghouse Elec. & Manfg. Co. 
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140b. Operation of a Starting and Speed-adjusting Rheo- 
stat (Figs. 102 and 103).—The motor is started by 
moving the operating arm to the running position, stopping 
a few seconds on each starting contact to permit the 
speed to accelerate. The retaining magnet holds the short- 
circuiting arm in the running position where it short-circuits 
the starting resistor. The operating arm is then moved 
back over the field-resistance contacts until the desired 
speed is reached. For motors starting with full-load torque, 
the time of acceleration should be from 15 sec. to 30 sec., 


-<Serles Fielal 


Fra. 105.—Method of connecting two motors so that they both may be 
controlled by one set of starting and speed-regulating equipment. 


depending upon the capacity of the motor. To stop the 
motor, open the line switch. Both arms then return to the 
off position automatically. 
141. The Arrangement of One Starting and Speed-adjusting 
Rheostat for the Control of Two Motors, A and B, is illus- 
trated in Fig. 105. This arrangement was used* to provide 
emergency service on the other motor if one motor failed. By 
throwing the three-pole double-throw switch, S, the control 
*R. L. Hervey in Pownr, Sept. 19, 1916. 
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equipment is connected to either motor. The resistance of 
the field regulator of C not being sufficient to increase the 
motor speed as desired, an additional rheostat, R, was inserted 
in the field circuit. Thesingle-pole switch, S2, wasso connected 
that R could be shunted out of circuit if necessary. , 
142. Armature Control Speed Regulators (Fig. 106) are 
used for speed reduction with shunt, compound or series motors 
in non-reversing service where the torque required decreases 
with the speed but remains constant at any given’ speed as 
with fans, blowers and centrifugal pumps. They can also be 
used for applications where the torque is independent of the 
speed, as with job printing presses. However, this method 
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Fig. 106.—Armature-control speed regulator. 


of speed control is not suitable for such applications where 
there is operation for long periods at reduced speed, since such 
operation is not economical. It is not possible, where the 
torque varies, to obtain constant speed with these controllers. 

143. Construction of an Armature Control Regulator.—In 
the regulator shown the low-voltage release consists of an 
electromagnet enclosed in an iron shell, a sector on the pivot 
end of the operating arm, and a strong spring which tends to 
return the arm to the off position. The magnet is mounted 
directly below the pivot of the arm and its coil is connected 
in shunt across the line in series with a protecting resistance. 
When the magnet is energized its plunger rises and forces a 
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steel ball into one of a series of depressions in the sector on the 
arm with sufficient force to hold the arm against the action of 
the spring; each depression corresponds to a contact. The 
arm can be easily moved by the operator, however, as the ball 
rolls when the arm is turned. When the voltage fails, the 
magnet plunger falls and the spring throws the operating arm 
to the off position. An overload release, similar to that de- 
scribed in another paragraph, which operates by opening the 
low-voltage coil circuit, is sometimes furnished on regulators 

of this type. Standard commercial rheostats of this type are 
- designed to give about 50 per cent. speed reduction on the 
first notch. See the following paragraph on operation for 
further information. 

144, Operation of Armature Control Speed Regulators (Fig. 
106).—Forward motion of the operating arm starts the motor 
and brings it gradually to maximum speed. Moving the arm 
over the first few contact buttons increases the shunt field 
strength if the motor is shunt or compound. The movement 
over the succeeding buttons cuts out armature resistance and 
permits the motor to speed up. 

145. Objections to Armature Control.*—(a) Bulk of Rheostat. 
—This may not be very objectionable if only a few motors 
are so controlled, but for a number the extra space becomes a 
factor, and in many cases it is difficult to find sufficient room 
near the motor: 

(b) Inefficiency of the System.—The same amount of power 
is supplied at all speeds but at low speeds only a small part of it 
is converted into useful work, the balance being wasted in — 
the rheostat as heat. 

(c) Poor Speed Regulation with Varying Speeds.—Since the 
impressed voltage at the armature terminals is equal to the 
line voltage minus the resistance drop in the rheostat any — 
change in the current drawn by the motor produces a change 
in the terminal voltage, the counter e.m.f., and therefore the 
speed. 

This condition is illustrated by the graphs of Fig. 107, 
which are plotted from data obtained from a 4-h. ‘Dy motor, 


* Crocker and Arendts, ELecrric Motors, 
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With all of the armature resistance in circuit the speed at full- 
load—4 h.p.—is 750 r.p.m. whereas at no-load the speed is 
1,220 r.p.m. ‘That is, there is a drop in speed of 470 r.p.m. 
between no-load and full-load, hence the speed regulation is 
470 + 1,220 = 38.5 per cent. 

146. Crane Controllers for Direct-current, Series and Com- 
pound-wound Motors are usually arranged somewhat as indi- 
cated in Fig. 108. The switching device consists of a disc of 
soapstone or other fireproof insulating material carrying station- — 
ary contact pieces and a pivoted switch arm carrying four con- 
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Fie. 107.—Graphs showing speed-load characteristics with different 
percentages of armature resistance in circuit. 


tactors. Blow-out coils are usually provided to effectively rup- 
ture the arcs that form when the contactors pass from one con- 
tact piece to the next. The resistors may be contained in the 
controller base, as in small controllers, or may be arranged for 
separate mounting as in large ones. In Fig. 108 the fine lines 
within the circle are shading lines which merely indicate that 
the circle is a soapstone disc. Only the heavy lines within the 
circle represents electrical connections. Fig. 109 shows two 
typical controllers. 

Movement of the controller handle in either direction past 
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the off position starts the motor in the corresponding direction 
of rotation. At each step a section of resistance is short-cir- 
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Fig. 108.—Connections of a 16-point crane controller connected to a 
series motor. 


cuited. At the full-speed positions all the resistance is short- 
circuited. Stops prevent over-running past the full-speed 
positions. Direct-current crane controllers increase or decrease 
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Fic. 109.—Crane controllers. 


the amount of resistance in series with the motor and thereby — 
control its speed. 
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147. Dynamic Braking of Direct-current Motors is effected 
by allowing a motor to be temporarily driven as a generator 
by its load. The mechanical energy of the moving machinery 
or descending load is thus converted into electrical energy and 
then into heat which is dissipated in resistance. The result 
is that the speed of the motor is promptly retarded. The 
amount of braking action can be adjusted by varying the cur- 
rent flowing in the motorarmature. A load exercising an active 
torque on the motor armature, such as an elevator car, can- 
not be brought to a full stop by this method, since with the 
decreasing armature speed the braking action also decreases. 
For final stopping, some form of mechanical brake, which acts 
automatically, is therefore necessary. 

148. Dynamic Braking is Used in connection with motors 
for elevators, hoists, cranes, coal and ore handling machinery, 
railway cars, etc. It is employed for reducing the motor speed 
just before a stop, as in elevator service; or for controlling 
the speed of moving objects, as in lowering crane loads, re- 
tarding the speed of the cars descending grades, and the like. 

149. The Principal Advantages of Dynamic Braking are the 
practical absence of all wear and tear on the apparatus, con- 
venience of application, and ease, accuracy, and certainty of 
control. In dynamic braking with a properly selected motor, 
active deterioration is limited to the controller contacts, which 
can be arranged for quick, easy, and inexpensive renewal. No 
_ special or additional apparatus is required for braking except 
the resistance which can be placed wherever convenient within 
a reasonable distance from the motor. The braking effect can 
be adjusted with great accuracy over a wide range by varying 
the armature current or the field strength by means of suitable 
resistance. In some instances, notably with railroads, dynamic 
braking actually returns energy to the circuit; but in industrial 
service the energy generated is usually dissipated by resistance. 
In electric cars, during the winter months, this dynamic brak- 
ing current is in many cases used in the heaters for warming 
the cars. 

150. Heating with Dynamic Braking.—The most important 
limitation to the use of dynamic braking is the heating of the 
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motor by the generated currents. For simple stopping duty 
this action is insignificant, as it lasts only a few seconds; but 
with speed control in lowering a load by dynamic braking, the 
generated current may flow for an extended length of time and 
the heating may be considerable, especially as it is added to 
the heating of the machine when operated as a motor. This 
additional heating effect due to the braking current must be 
considered in selecting the motor. 

151. Dynamic-braking Connections.—Fig. 110 shows by 
simple diagrams some of the possible connections. Diagram 
I shows the armature of a shunt motor short-circuited through 


Line 
+ — 


Shunt Field,, 


Armature. 


O Brake 
In 


| (tas ee 
| Series Field 
HQUPVYUQGYRY 


Armature 


Brake 


Resist. 
WwW. 


Fia. 110.—Dynamic braking connections. 


a brake resistance, the field remaining across the line. Dia- 
gram IZ shows the armature of a compound motor short- 
circuited through the series field and a brake resistance, the 
shunt field remaining across the line. Diagram III shows the 
armature of a series motor short-circuited through the series 
field, a protecting resistance for the field, and a brake resistance 
—the field and its resistance being in series across the line. 
Diagram IJV shows the armature and series field of a series 
motor short-circuited through a brake resistance, all of which | 
are entirely disconnected from the line. 

By cutting out the series field in diagram JJ the braking 
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effect can be diminished, the connections then being as in J. 
The connections shown in diagram IJI are generally preferable 
for series motors during the first part of the braking operation, 
in order to insure building up as a generator. As soon as the 
generator action has begun, the connections can be changed 
to those shown in diagram JV. In each of the cases shown 
by the four diagrams the braking effect. can be increased by 
short-circuiting sections of the brake resistance and thus in- 
creasing the armature current. 

152. The Control of Large Direct-current Motors with an 
Equalizer Flywheel Motor-generator Set (Figs. 111 and 
112) is illustrated diagramatically in Fig. 113. Methods of 


Fig. 111.—A flywheel, motor-generator hoisting set installed for the 
North Butte Mining Company. The motors are the largest in the world 
installed in mining service for hoisting. The direct-current motor is 
an 1850 h.p., 71 r.p.m. machine. The alternating current motor has 
a capacity of 1400 h.p. The direct-current generator has an output of 
1500 kw. The outfit hoists as much as 10 tons of ore per trip. See 
Fig. 112 for motor and hoists. (Westinghouse Electric Co.) 


control similar to that suggested have been employed for 
mine-hoist motors and for rolling-mill motors having capaci- 
ties as great as 15,000 h.p. Energy for driving the roll or 
hoist motor is supplied from a three-phase, alternating- 
current line, but this alternating current does not directly 
drive the roll motor, R, but instead merely the motor, 
M (Fig. 113), which drives the flywheel motor-generator set. 
The energy to the roll motor is supplied directly by the 
 direct-current generator, G, of this set. The roll motor, R, 

is controlled by varying the strength and direction of the 
field current of the direct-current generator, G, which field 
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o, a 
850 hp. Varioble 
“\ Mine Hoist ~ pees Direct Cur, re 


Fic. 112.—Variable speed, direct-current motor and hoist of the North 
Butte equipment. See Fig. 111 for the flywheel, motor-generator 
set. 
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Fia. 113.—Diagram of flywheel-motor-generator control for a large 
motor operating under service conditions. 
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current is supplied by exciter HZ. With this method, to 
control the speed of and reverse the roll motor, it is merely 
necessary to vary or reverse the field current of the 
generator by manipulating controller C. Dynamic braking 
is used to stop the roll motor. 

153. The Function of the Flywheel of the Motor-generator 
Set is to equalize the draft of energy from the alternating- — 
current line, L. If the mill motor tends to draw a large 
current from the line, the motor-generator set would tend to 
slow down. ‘Then the flywheel will impart its stored energy 
to the system during these moments of heavy load on the roll 
motor. When the peak load is over, the alternating-current 
motor will again attain normal speed and store energy in the 
flywheel. The load on the alternating-current motor is 
greater than that on the roll motor when the roll motor is 
lightly loaded. But, when the roll motor, R, is pulling 
its peak loads, the alternating-current motor, M, carries 
the smaller load. 

154. The Function of the Torque Motor, 7 (Fig. 118), 
is to throw the peak load on the flywheel. It does this by 
introducing resistance into the rotor circuit of the large - 
alternating-current motor, M, thereby reducing its speed. 
The slip regulator is merely a liquid rheostat having three 
pairs of electrodes, one pair connected in series with each 
phase of the rotor circuit of M. The movable electrode of 
each pair is connected to an arm arranged on the shaft of 
the small torque motor. When the current in the line, LZ, 
tends to decrease due to a heavy draft of energy by R, the 
torque motor decreases the distance between the electrodes 
and M increases its speed accordingly. 

155. A Float or Tank Switch is illustrated in Fig. 114. 
Devices of this character are used to stop and start pump 
motors, such, for example, as those used for draining the 
sumps in basements of buildings. As the water in the pit 
rises, the rod, R, is forced upward by the action of the float, 
F, on the surface of the liquid in the pit. On the rod are 
two stops, Sand 8’. When the pit is almost full, the stop, 
S’, will push against the switch arm, A, and when this 
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arm has been forced to move a certain distance, the weighted 
tumbler, W, flops over and causes the switch to close. This 
energizes the solenoid of the automatic starter ordinarily 
used with such motors (Fig. 265) and the motor commences 
to drive its pump, which raises the water out of the pit. 
As the water in the pit is lowered, the float falls and finally 
stop S strikes the switch arm, the control circuit is opened 
and the motor is stopped. 


Pressure Tank... 
i 


Counter Weight... 


c—4 


“Automatic 
Pressure 
Regulator 


_-- Direct Current 
Motor 


Fic. 114.—Illustrating the mech- Fra, 115.—An automatic starter 
anism of a float switch. arranged in combination with a | 


pressure regulator for controlling a 
direct-current motor. 


156. The Method of Connecting an Automatic Starter 
for a Pressure-regulator-control, Direct-current Motor is 
illustrated in Fig. 115. Where a motor is to be controlled 
by a float switch the general scheme of connections is similar 
to those illustrated in Fig. 265, which shows the connections 
for alternating-current motors. 

157. Field-discharge Switches and Resistors should be pro- 
vided in connection with all electrical machines having field 
circuits, of considerable inductance, which are energized by 
direct current. Unless some sort of resistor path is provided © 
for the dissipation of the electro-magnetic energy stored in the 
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magnetic field, it will cause destructive arcing at the field 


¢ Discharge 
/ Resistor 


R, Discharge Resistor 
I-Di i ; ; ; 
T-No Discharge Resistor Share ; ee pas sraee II-Field Discharge Switch 


Ira. 116.—Arrangement of discharge resistors, 


switch whenever this switch is opened. The voltage to which 
this arcing is due is an e.m.f. 
of self-induction, and it may be 
(unless a dissipative resistor 
is provided) great enough to 
puncture the insulation on the 
field windings. Fig. 116 illus- 
trates some of the possible con- 
nections as applied to direct- 
current motors, but the general 
principles there indicated can, 
with obvious modifications, be 
applied to the shunt-field cir- 
cuits of all direct-current ma- N Auxitiony 
chines and to the field circuits — RE Blade 
of alternating-current ma- 2 ( 
chines. In Fig. 116, J, there 
is no field discharge resistor or 
switch, hence when the main ears 

: G ‘Hinge Jaws 
switch, S,, is opened, the field Dalton fo eee 


can discharge directly through .vitch. (A and C connect to field- 


the armature. Where auto- winding terminals snd’ B conneey 
r : -. to one end of the fie ischarge 
matic-control equipment is resistance.) e 


used with motors a switch, 7, 
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is often inserted between the shunt field and the arma- 
ture and a field discharge resistor, R, is then arranged across 
the shunt field as suggested in the diagram. Where this de- 
vice is utilized, there is a constant J*F loss in the discharge 
resistor, Ri, so long as the voltage is impressed across the 
shunt field. A shunt-field resistor may have a relatively high 
resistance, hence this J?R loss is often negligibly small and 
the simplicity of the scheme of JI may justify its employment. 
At III, a field discharge switch, S; (Fig. 117), is employed © 
which cuts the discharge resistor in circuit with the shunt field 
whenever the main switch is opened. 


SECTION 4 


TROUBLES OF DIRECT-CURRENT GENERATORS AND 
MOTORS 


158. Troubles of Direct-current Generators and Motors.*— 
Since, as explained in Art. 52, the construction of direct-cur- 
rent generators is essentially the same as that of direct-current 
motors, most of the troubles inherent to one are also en- 
countered with the other—the remedies for generator troubles 
are about the same as those for motor troubles. Therefore, 

while some of the matter in this section applies specifically 
to direct-current motors it may under certain conditions also, 
with equal force, relate to direct-current generators. 


* Considerable of the material under this heading is based on articles which have 
appeared inthe magazine PowErR (McGraw-Hill Publishing Company, New York) and 
on that in the book, Moror Trousies, by E. B. Raymond. 
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159. Direct-current Generator and Motor Troubles. 


Sparking at the brushes 


Brushes 


Commutator 


ELECT'RICAL MACHINERY 


[Art. 159 


(From MacuHiniry, 


by special permission) 


Should have been set properly at first, by counting 
bars, or by measurement on the commutator. 

Can be done if necessary while running; move rocker 
until brush on one side sparks least, then adjust other 
brushes so they do not spark. 


Move rocker back and forth slowly until sparking 


N 


Brushes should be properly trimmed before starting. 
If there are two or more brushes one may be re- 
moved and retrimmed. 

Clean with alcohol or ether, then grind and reset 
See lines 1, 4, 38. 


Adjust each brush until bearing is on line and square 
on commutator bar, bearing evenly the whole width. 


. Clean commutator of oil and grit. 


See that brushes 


Adjust tension screws and springs to secure light, 
firm and even contact. See line 38 B. 


Grind with fine sandpaper on curved block, and 
polish with crocus cloth. Never use emery in any 


If too bad to grind down turn off true in a lathe or 
preferably in its own bearings, with a light tool and 
rest, a light cut; running slowly. Note-—Armature 
should have }{6 to 14-in. end motion when running, 


to wear commutator evenly and smoothly. See 


Set ‘high bar” down carefully with mallet or block 
of wood, then clamp tightly end nuts, or file, grind 
A high bar may cause singing. See 


Grind or turn commutator true to the surface of the 


. ‘i Repair if external. 
} in field coils le if internal. 


Machine not properly wound, or without proper 
amount of iron—no remedy but to rebuild it. 


Not set diametrically | A. 
opposite. 
15 
Not set at neutral 
points. stops. 
Not properly trimmed.} A. 
B. 
carefully. 
Not in line. 
See line 13 A. 
Not in good contact. | A 
touch. 
B. 
Rough; worn in | A. 
grooves or ridges; 
out of round. form. 
B. 
line 31. 
High bars. 
or turn true. 
line 38. 
Low bars. 
low bars. 
Weak magnetic field. | A. Broken circuit 
B. Short-circuit 
(OF 


as 


an 


for) 


co 
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160. Direct-current Generator and Motor Troubles. 


Sparking at the brushes 


by special permission)—Continued 
ee ee ee eee 


Cross connections. 


Excessive load. A. Reduce number of lamps and load. 
Ground and leak | B. Test out, locate, and repair. 
from short-cir- 
65] cuit on line. 
2 |% 
5 4| Dead short-cir- | C. Note——Dead short-circuit will or should blow safety 
8 & cuit on line. fuse. Shut down, locate fault and repair before 
5 starting again, and put in a new fuse. 
a ——___—. =o ee 
2 Excessive voltage.| D. Use proper current only, and with proper rheostat 
Sy and controller and switch. 
io) 
a 
. Excessive am-j| Z. See that controller, etc., are suitable with ample 
4 peres on con- resistance. 
a stant -current 
° . ° 
a 5 circuit. 
= Friction. F. Reduce load on motor to its rated capacity or less. 
See 3 B and 35, 36. 
Too great load |G. See that there is no undue friction or mechanical re- 
on pulley. sistance anywhere. 
Short-circuited coils.| A. Remove copper dust, solder or other metallic contact 
between commutator bars. 

B. See that clamping rings are perfectly free, and in- 
sulated from commutator bars; no copper dust, car- 
bonized oil, etc., to cause an electrical leak. 

C. Test for cross connection or short-circuit, and if such 
is found rewind armature to correct. 

D, See that brush holders are perfectly insulated. No 
copper dust, carbon dust, oil or dust, to cause an 
electrical leak. See 1, 2, 60. 

n 

B 

3 Broken coils. A. Bridge the break temporarily by staggering the 

= brushes, until machine can be shut down (to save 

5 bad sparking) and then repair. 

4 B. Shut down machine if possible, and repair loose or 

FS broken connection to commutator bar. 

<q C. If coil is broken inside, rewinding is the only sure 
remedy. May be temporarily repaired by connect- 
ing to next coil, across mica. 

D. Solder commutator lugs together, or put in a 


“jumper,” and cut out, and leave open the broken 
coil. Be careful not to short-circuit a good coil in 
doing this. See 12. 


Cross connections may have same effect as short- 
circuit, treat as such, see 12. Each coil should test 
complete without cross and no ground. 


(From Macuinery, 


11 


14 


a 
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161. Direct-current Generator and Motor Troubles. (From Macuinery, 
by special permission )—Continued 


Overloaded. 


Short-circuit. 


Broken circuit. 


Overload. Too many amperes, lights, or too much |15 
power being taken from machine. See 11, 12, 13, 14. 


Short-circuited. Generally dirt, etc., at commu- |16 
tator bars. See 11, 12, 13, 14. 


Broken circuit. Often caused by a loose or broken |17 
band. See 11, 12, 13, 14. 


Cross connection. 


Cross connection. Often caused by a loose coil |18 
abrading on another coil or core. See 11, 12, 13, 14. 


Moisture in coils, 


Armature 


Dry out by gentle heat. May be done by sending a |19 
small current through, or causing machine to gener- 
ate a small current itself, by running slowly. 


Eddy currents in core. 


Friction. 


Excessive Shunt. 
current. 


Heating of parts 


Series. 


Field coils 


Eddy currents. 


Moisture in coils. 


Not sufficient or poor 


oil. 


. Besrings 


-_ —- ee ————————————— 


Iron of armature hotter than coils after a run. |20 
Faulty construction. Core should be made of finely 
laminated insulated sheets. No remedy but to 
rebuild. 


Hot boxes or journals may affect armature. See 23, |21 
83 below. 


A. Decrease voltage at terminals by reducing speed. |22 
Increase field resistance by winding on more wire, 
finer wire, or putting resistance in series with fields. 


B. Decrease current through fields by shunt, removing 
some of field winding or rewind with coarser wire. 


Note.—Excessive current may be from a short-circuit 
or from moisture in coils, causing a leakage. See 
10, 24, 


Pole pieces hotter than coils after short run, due to |23 
faulty construction, or fluctuating current; if latter, 
regulate, and steady current. 

Coils show less than normal resistance, may cause |24 

short-circuit or body contact to iron of dynamo. 

Dry out asin 19. See also 22 note. 

A. See that plenty of good mineral oil, filtered clean, and |25 
free from grit, feeds; but be careful that it does not 
get on commutator or brush holder. See 12. 

B. Cylinder oil or vaseline may be used if necessary to 
complete run, mixed with sulphur or white lead, or 
hydrate of potash, Then clean up and put in good 
order. 
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162. Direct-current Generator and Motor Troubles—Continued 


Dirt or grit in bear- | A. Wash out grit with oil while running, then clean up |26 
ings. and putinorder. Be careful about flooding commu- 
tator and brush holder. 

B. Remove caps and clean and polish journals and 
bearings perfectly, then replace. See that all parts 
are free and lubricate well. 

C. When shut down, if hot, then remove bearings and 
let them cool naturally, then clean, scrape and polish, 
assemble; see that all parts are free and lubricate well. 


Rough journals or Smooth and polish in a lathe, removing all burrs, |27 
bearings. scratches, tool marks, etc., and rebabbitt old boxes 
and fit new ones. 


Journals too tight in Slacken cap bolts, put in liners and retighten till |28 


bearings; bent shaft. run is over, then scrape, ream, etc., as may be needed, 
bend or turn true in lathe or grinder. 
Possibly a new box or shaft will be needed. 29 
Bearings out of line. Loosen bearing bolts, line up and block, until arma- |30 


ture is in center of pole pieces, ream out dowel and 
bolt holes and secure in new position. 


End pressure of pul- | A. See that foundation is level and armature has free |31 
ley hub or shaft end motion. 
collars. B. If there is no end motion, file or turn ends of boxes 
or shoulders on shaft to provide end motion. 
C. Then line up shaft and belt, so that there is no 
end thrust on shaft, but that the armature plays 
freely endways when running. 


Heating of parts 
Bearings 


Belt too tight. A. Reduce load so that belt may be loosened and yet |32 
not slip. Avoid vertical belts if possible. 

B. Choose larger pulleys, wider and longer belts with 
slack side ontop. Vibrating and flapping belts cause 
winking lamps. 


. Bearings may be worn out and need replacing, throw- |33 
ing armature out of center. See 36. 


Armature out of |A 
B. Center armature in polar space, and adjust bearings 
C. 
D 


center of pole pieces. 


to suit. See 30. 

. File out polar space to give equal space all round. 

. Spring pole away from armature; this may be diffi- 
cult or impossible in large machines. 


a 
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163. Direct-current Generator and Motor Troubles—Continued 


[Art. 163 


Noises 


Speed 


Runs too fast 


Armature or pulley Faulty construction, armature and pulley should |34 
out of balance. have been balanced when made. May be helped by 

balancing on knife edges now. 

Armature strikes or . Bend or press down any projecting wires, and secure |35 
rubs pole pieces. with tie bands. 

. File out pole pieces where armature strikes. See 
30, 33. 

Collars or shoulders Bearings may be loose or worn out. Perhaps new |36 
on shaft strike or bearings are needed. See 30, 31. 
rub box. 

Loose bolt connection See that all bolts and screws are tight, and examine |37 
or screws. daily to keep them so. 

Brushes sing or hiss. . Apply stearic acid (adamantine) candle, vaseline, or |38 
cylinder oil to commutator and wipe off; only a 
trace should be applied. 

Move brushes in and out of holder to get a firm, 
smooth, gentle pressure, free from hum or buzz. 
See 3, 6, 7, 8, 9, 31. 

Flapping of belt. Use an endless belt if possible, if a laced belt must be |39 
used, have square ends neatly laced. 

Slipping of belt from Tighten belt or reduce load. See 32. 40 

overload. 

Humming of arma- . Slope end of pole piece so that armature does not |41 
ture lugs or teeth. pass edges all at once. 

Decrease magnetism of field, or increase magnetic 
capacity of tooth. 

Engine fails to regu- Adjust governor of engine to regulate properly, from |42 
late with varying no-load to full-load, or get a better engine. 
load. 

Series motor, too . Series motor on constant current—(1) Put in a shunt |43 
much current, and and regulate to proper current; (2) use regulator or 
runs away. governor to control magnetism of field for varying 

load. 
. Series motor on constant potential—(1) Insert resist- 
ance and reduce current; (2) use a proper regulator or 


controlling switch; (3) change to automatic speed- 
regulating motor. 
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164. Direct-current Generator and Motor Troubles—Continued 


Field rheo- | A. Adjust field rheostat to control motor. 44 
‘ain! stat not 
3 | oO 
= e properly set. 
&|8| Not proper | B. Use current of proper voltage and no other, with a 
a a 4 | current. proper rheostat. 
S 3 a Motor not | C. Get a better motor, one properly designed for the 
a Pie properly work. 
proportioned. 
Runs | See note below 45, same as 42; 46, see 11 A; 47, short-circuit in arma- 
too table. ture, see 12; 48, rubbing armature, see 35; 49, fric- 
slow tion, see 3 B; 50, weak magnetic field, see 10. 
Great overload. Open switch, find and repair trouble. Keep switch |51 
See 11 F and open and rheostat ‘‘off” to see if everything is right. 
G. - 
Excessive fric- Shunt motor on constant potential circuit, fuse may |52 
tion. See 25, blow or armature burn out. 
33, 35. 
Fuse melted| A. Find and repair trouble after opening switch, then |53 
or switch put infuse. See 11 C. 
z open. 
& g Broken wire| B. Open switch, find and repair trouble. See 13. 
| 8| or connec- 
Sls] tion. 
£|°3| Brushes not} C. Open switch and adjust. See 5. 
8 3 & in contact. 
s & 2! Current fails| D. Open switch and return starting box lever to off posi- 
nm or is shut tion, wait for current. 
off at sta- 
tion. 
Short-circuit of Test for and repair if possible. Examine insulation |54 
field. of binding posts and brush holders. ‘ 
Short-circuit of Poor insulation, dirt, oil, and copper, or carbon dust |56 
armature. often result in a short-circuit. 
Short-circuit of 
switch. 
Runs backward. Connect up correctly per diagram; if no diagram is |57 
Wrong connec- at hand, reverse connections to brushes or others’ 
tions. until direction of rotation is satisfactory. 


Note from Line 50.—45, Engine fails to regulate. 46, Overload. 47, Short-circuit in 


armature. 


48, Striking or rubbing of armature. 49, Friction. 50, Weak magnetic field 


112 


al 


Dynamo or generator 


ELECTRICAL MACHINERY 


[Arr. 165 


165. Direct-current Generator and Motor Troubles—Continued 


Reversed current | A. Use current from another machine or a battery |58 
| through field coils. through field in proper direction to correct fault. 
3 Test polarity with a compass. 
a Reversed connec- | B. If connections or winding are not known, try one 
s tions: way and test; if not correct reverse connections, try 
5 again and test. 
§ Earth’s magnetism. | C. Connect up per diagram for desired rotation, see 
3 that connections to shunt and series coils are 
properly made. See 57. 
3 Proximity of an-| D. Shift brushes until they operate better. See 1, 2, 3. 
B other dynamo. 
© | Brushes not in right 
eal position. See 1, 
Dede 
Too weak residual mag- Same as 58 A. 59 
netism. 
Short-circuit in machine. See 12, 54, 56. 60 
Short-circuit in external A lamp socket, etc., may be short-circuited or |61 
circuit. grounded, and prevent building up shunt or com- 
pound machines. Find and remedy before closing 
switch. See 54, 56. 
Field coils opposed to Reverse connections of one of field coils and test. |62 
each other, Find polarity with compass; if necessary try 58 A, 
C,D. If necessary reverse connections and recharge 
in opposite directions. 
Broken wire. A. Search out and repair. See 13. 63 
Faulty connections. | B. Search out and repair. See 37. 
3 Brushes not in| C. Search out and repair. See 5. 
A contact. 
° | Safety fuses melted | D. Search out and repair. See 53 A. 
3 or broken. 
© | Switch open. E. Search out and repair. See 53 D. 
External circuit | 7. Search out and repair with dynamo switch open 
open. until repairs are completed. 
Too great load on Reduce load to pilot lamp on shunt and incandescent |64 
dynamo. machines; after voltage is obtained close switches 


Too great resistance in 
field rheostat. 


in succession slowly, and regulate voltage. See 11 


A and 65. 
Bring up to voltage gradually with rheostat, and |65 
watch pilot lamp; regulate carefully. 


— 
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166. Process of Commutation.—The path of the current is 
as shown in Fig. 118, wherein A is the carbon brush; C, C’, C” 
are the commutator segments; B, B’, B’’ are the windings of 
the armature. At the position shown, coil B is  short-cir- 
cuited by the brush, the current passing into the face of 
the brush and out again as shown by the dotted line. This 
local current may be many times greater than the normal in- 
tensity and is the one which causes pitting. With perfect 
commutation, with no sparking or glowing, there should 
be created in the short-circuited coil under the brush, by 
virtue of the flux from that pole-tip away from which the 
armature is revolving, an electromotive force. This should 
be just great enough to reverse the current within the short- 
circuited coil and render it 
equal to the current in the 
winding proper. Since on one 
side of, the brush the current 
is in one direction and on the 
other side in the other direc- ‘eco 
tion, the act of commutation mie 
beneath the brush reverses this Fic. 118.—Armature coil short- 

ae 4 circuited when commutating. 
current and permits it to in- 
crease to the correct intensity in the opposite direction. 

167. With Copper Brushes This Reversal of Current 
Must be Very Accurately Effected.—With carbon brushes 
there is a much smaller tendency to spark, hence they will 
permit of a certain inexactness of commutation adjustment. 
Experiments indicate that the carbon can resist as much 
as a 3-volt pressure creating current in the wrong direction 
and still not spark or glow. This is the property which has 
necessitated the use of carbon brushes instead of copper on 
most apparatus. When, however, this voltage, induced. in 
the wrong direction, rises above 3 volts during the passage 
of the armature coil underneath the brush, trouble from 
_ sparking and glowing occurs. 

This is the reason that, in a motor, the brushes are pulled 
backward as far as possible at no-load, so that the coil 
short-circuited by the brush may enter the fringe or flux 
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from the pole-tip, thus creating the proper reversal of current 
during the time the coil is passing under the brush. Since 
adjacent poles are opposite in polarity, only one can provide 
the proper flux direction for this reversal. In a motor it is 
always the pole behind the brush and thus the brush requires 
a backward lead. In a generator it is the pole ahead of the 
brush in the direction of rotation. Hence, generators require 
a forward lead. 

168. If the Motor Gives Trouble from Glowing and Pitting, 
the cause is probably this induced current, and the remedy is, 
first, to insure that the lead of the brushes brings them in the 
most satisfactory position. If no lead or brush position can 
be found which will eliminate the trouble, the width of the 
brush must be changed. The wider the brush the longer does 
the coil suffer short-circuit, as described. Conversely the 
narrower the brush, the quicker must the current be reversed. 
There is, therefore, a width of brush which best satisfies 
both conditions. Usually, however, where glowing occurs, 
the cause is too wide a brush, and often serious trouble from 
this cause can be entirely eliminated by varying the width of 
the brush perhaps only 1g in.; see Art. 196 on “Glowing.” 
Sparking may be due to an open armature circuit; see Art. 
200 for a description of the symptoms and the remedy. 

169. Sparking Due to Rough Commutator.—The commu- 
tator surface may not be perfectly smooth after receiving its 
last ‘‘turn off.” The work may have been poorly done by 
the manufacturer, with the result that the commutator surface, 
instead of being smooth, is somewhat rough. The result 
(especially with high-speed commutators) is that the brush 
does not make good contact with the commutator surface. 
It may chatter and thus with many motors (especially those 
of high voltage) the operation will be attended with sparking. . 
As a result, the commutator surface, instead of becoming 
bright and smooth with time, becomes rough and dull or raw 
in appearance. Under these conditions the brushes do not 
make good contact, and, hence, the heat generated, even under 
proper commutator conditions, owing to the resistance of brush — 
contact, is multiplied several times, with consequent increase — 
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of temperature of the commutator. In addition, the friction 
of brush contact (which should give a coefficient of 0.2) is, 
with a rough commutator, much higher than it should be, 
which tends to increase the temperature. 

170. Heating of Commutator* may develop from any of the 
following causes; (a) Overload; (b) sparking at the brushes; (c) 
too high brush pressure; (d) lack of lubrication on commutator. 

171. Hot Commutator.—All this (see above) trouble is 
cumulative. The result is that finally the temperature will 
rise to a degree where the solder in the commutator will melt, 
perhaps short-circuiting or open-circuiting the winding. A 
commutator will stand very slight sparking, but where it is 
noticeable and where it is continued for long periods of time, 
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trouble is liable to result. Where the load is usually very light 
and where full-load or overload are infrequent, a smoothing 
of the commutator automatically occurs during the light-load 
period. ‘This is the reason that certain railway motors, which 
sometimes show sparking under their normal hour rating load, 
give satisfaction as to commutation. . The coasting of the car 
smooths up the imperceptible damage done by the sparking 
during the heavy load. 

172. Loose Commutator Segments.—A further and more 
serious cause of sparking and commutator trouble is due to the 
fact that the commutator may not be “settled”? when shipped 
by the manufacturer. A commutator is made of many parts 
(Fig. 119), insulated one from another, and all bound together 
by mechanical clamping arrangements. The segments them- 
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selves are held by a clamp-ring on each end, which must be 
insulated from them and which should hold each segment in- 
dividually from any movement relative to another. Since the 
clamp must touch and hold down all segments, a failure to do 
so in any case results in a loose bar, which moves relatively 
to the next bar and causes roughness and thus sparking, with 
all its attendant accumulative troubles. The roughness of 
commutators due to poor turning or to poor design is shown 
uniformly over all the surface of the commutator on which 
brushes rest. A roughness due to a high or loose bar is shown 
by local trouble near the bad bar and its corresponding bars 
around the commutator. The jump of the brush occurs at 
the high bar and is the cause of the sparking. See also Arts. 
174 and 178. 

173. Blackening of the Commutator —Sparking due to a 
loose or high bar causes a local blackening instead of a uniform 
blackening, which occurs in case of poor design or poor com- 
mutator surface resulting from poor turning. Also, if the speed 
of the commutator is low enough, there will be a spark at the 
time the bad segment passes the brush. At ordinary speeds, 
or where there are several loose bars, the sparking in appear- 
ance will not be different from that due to poor design or poor 
turning. In such a case an examination of the commutator 
surface must be made to identify the cause. The slightest 
movement of a bar, especially with the higher-voltage and 
high-commutator-speed machines, may cause the trouble. A 
splendidly designed motor may show very poor operation, due 
to a commutator fault. ' 

174, Correcting Commutator Roughness.—The proper way 
to correct the rough surface of a commutator will be deter- 
mined by the condition of the commutator. Where the com- 
mutator is very rough or eccentric the armature should be © 
taken out of the machine and the commutator turned to a 
true cylindrical surface in a lathe. Where the commutator is 
only reasonably rough it may be trued by filing, using an ar- 
rangement similar to that in Fig. 120, which is described in 
detail in a following paragraph. Where the roughness is due 
to poor turning or to ordinary operation, it may then be — 
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smoothed with a piece of ordinary grindstone (Fig. 121). Sand- 
paper held on a block of wood (Fig. 122) which has been cut 
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Fig. 120.—Equipment for filing commutators and fitting brushes. 
(Pownr, Aug. 29, 1916, p. 316.) 


to fit the cylindrical surface of the commutator may also be 
used for this purpose but it is 

not, apparently, as effective as gent er rete oe RE 
the grindstone. 

175. To Smooth a Commuta- 
tor with a Piece of Grindstone 
(Fig. 121) it should be cut to 
convenient size and held by the ( 
hand against the commutator. Harewood Block 
If possible, it should be rounded 
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out to the shape of the commutator, though the rounding is 
not absolutely necessary except when the surface is exceed- 
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ingly irregular. A commutator can thus be ground on low- 
voltage machines without removing the brushes from the 
commutator and during the ordinary operation of the motor 
under load. When sparking is due to poor turning, grinding 
causes the sparking to entirely disappear. ‘This is also a good 
method of cleaning the surface of brushes which have become 
coated with copper from the use of sandpaper in fitting them 
to the commutator surface. 

176. Some Kinds of Sandpaper if used to give a brush 
surface or to smooth a commutator with the brushes down, 
imbed in the face of the brush hard material which lodges 
there, cutting the commutator and thus collecting about 
itself copper from the commutator. An examination of the 
face of the brush after running a time will show these col- 
lections either in spots or all over the face of the brush. 
The sandstone, used as suggested, removes all this. 

177. Where Roughness or Sparking are Due to a Loose 
Bar, Grinding Will Do No Good.—Then a different process 
for correction must be used. It consists first in tightening 
the clamp-rings which hold down the segments so that they 
touch and hold, each one preventing any relative move- 
ments of the bars. After this has been done, produce a 
smooth commutator surface by turning if the bar is much 
displaced, or by filing or grinding if it is but slightly dis- 
placed. 

178. In Truing a Commutator witha File (Fig. 120) a gage 
or rest of some sort should be employed to insure that the com- 
mutator will be improved rather than injured by the filing 
process. The file rest should be bolted securely to the 
bearing or to some part of the frame of the machine. The 
two planes of the rest which project over the commutator 
should lie exactly parallel to it. Then the armature is 
rotated at normal speed and a flat smooth file is carefully 
pushed over the planes. It will cut away the metal of the 
planes and also that of the commutator. Chalk should 
be used on the file to prevent it from tearing the copper 
and the file should be cleaned frequently. At intervals, © 
place a steel straight edge along the commutator surface 
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parallel to the shaft to check the work as it proceeds. 
After filing, the commutator surface should be finished 
with very fine sandpaper or preferably with a piece of 
grindstone (Fig. 121) as described above. A file rest of a 
type having adjustable filing-surface plates and arranged 
for bolting to the pedestal bearing of a machine i is illustrated 
in Fig. 123. 

179. To Correct Loose-commutator Troubles.—First, force 
the clamps of the commutator down firm, so that when the 
commutator is at normal temperature the clamping rings 
cannot be screwed down further without excessive effort. 
This is necessary so that all the bars may have a direct 
pressure from the clamp, rendering any movement, up or 
down, impossible. Second, after having drawn the clamps 
down, smooth off the surface of 
the commutator, using one of 
the processes described above. 5 

179a. To Get the Clamps 
Down Firm run the machine 
under load; if roughness ap- 
ae? Se oe, pe ee pee Fig. 123.—Showing how a file 
time, and, while hot, tighten yest may be easily constructed. 
the clamping rings. If it is 
found that the tightening bolts can be screwed up somewhat, 
the machine should again be put in service for at least four 
hours at the end of which time shut it down again and again 
tighten the bolts. If, now, no more slack can be taken up 
on tightening bolts, the commutator should be surfaced, either 
by turning with a tool or by grinding. 

180. The Slotting of Commutators.t—There seems to be 
a prevalent idea that slotting should cure all commutator 
troubles, irrespective of their causes. This is not true, 
but slotting is a cure for certain specific troubles. Where 
the peripheral speed of the commutator is so slow that the 
dirt which may collect in the slots between commutator bars 
will not be thrown out by centrifugal force, slotting may 
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aggravate rather than correct commutation difficulties. See 
also Art. 186. 

181. The Principal Reason for Slotting Commutators is 
to relieve the commutators of high mica, that is, mica that 
projects above the surface. High mica is generally due to 
one of two causes: either the mica is too hard and does not 
wear down at an equal rate with the copper, or the com- 
mutator does not hold the mica securely between the 
segments, allowing it to work out by the combined action ~ 
of centrifugal force and the heating and cooling of the com- 
mutator. It is evident that a commutator with a surface 
made irregular by projecting mica rotating at high speed 
under a brush, must impart to the brush a vibratory move- 
ment, and thus impair the close contact that should exist 
between the brush and commutator. The result is that 
sparking takes place more or less violently, depending on 
the condition of the commutator surface and the rate of 
speed. This condition generally manifests itself after the 
machine has been running for some time, and in many cases 
will account for the development of sparking which did not 
occur at the time of installation. Often a case of this kind 
is aggravated by increasing the brush tension, causing a still 
_ faster rate of wear of copper over mica, with an attendant in- 
creased heating of the commutator. 

182. What is Accomplished by Slotting—A harder brush 
may at times be used, with the idea of grinding off the mica 
and thus bringing it down tothe commutator surface. Instead 
of curing the trouble, the commutator will, in the majority of 
cases, assume the raw appearance of being freshly sand- 
papered, instead of the glossy surface it should have, and 
both brush and commutator will wear rapidly. This con- 
dition can be restored to normal and the commutator kept 
to a true surface by slotting, after which, with proper care 
and the use of proper brushes, commutator troubles will 
generally cease, provided the electrical design of the machine 
is not at fault. Even then there are cases that may be 
benefited to a certain extent by slotting, by reason of the 
good brush contact obtained. The majority of cases that 
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show improvement are the ones in which the trouble is not 
inherent in the design of the machine, but is due to mechanical 
causes. 

183. With a Slotted Commutator It is Possible to Use a 
Brush of Fine Grain and Soft Texture, inasmuch as there is 
not the same tendency to wear away the brush as with an 
unslotted commutator. The commutator should then take 
on the much-desired polish that is generally not attainable 
with the harder brush. The life of both brush and com- 
mutator will be increased, and friction and the consequent 
heating will be reduced. These advantages will effect a 
saving that will more than offset the cost of slotting. 

184. Various Methods of Slotting.—There is a variety of 
slotting devices on the market. Some are designed to operate 
with the armature swung between the centers of a lathe; 
others use a special tool in a shaper, with the armature 
secured to its bed. Still others are used by hand with the 
armature resting on blocks. In all cases the full width of the 
mica should be removed, and the resulting slot carefully 
cleaned from burrs and rough edges. It is not necessary that 
the slotting be carried deeply in the commutator. One- 
sixteenth of an inch is generally considered sufficient. See 
also Art. 186. 

185. A Slotted Commutator Should Have Proper and Fre- 
quent Care, as there is a chance of small particles of copper 
being dragged across from bar to bar, and for dirt, oil and 
carbon dust to accumulate in the slots and short-circuit the 
commutator. 

186. High Mica in Commutators.—Some direct-current 
generators and motors, under certain conditions, roughen 
up their commutators after a short term of service, although 
there seems to be no excessive sparking under or at the 
edges of the brushes. This may occur even though the 
commutator has been well “settled.” The commutator 
performs as if the mica, used between bars to insulate the 
various segments one from another, had protruded upward, 
causing roughness and excessive sparking. 
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187. Actual Raising of the Mica is a Very Rare Occur- 
rence, and, if it occurs, does so at certain spots and is 
easily and positively identified. An actual uniform pro- 
truding of mica, all over a commutator, as described, is 
practically an unknown phenomenon. What actually does 
occur is an eating away of the copper surface of the com- 
mutator, leaving the high mica between the bars. A.good 
machine will not spark enough to cause this condition. A 
poor machine will. 

188. The Phenomenon of High Mica is Easily Identified, 
as the commutator surface appears ‘‘raw”’ all over instead 
of smooth and bright with a good brown gloss. If allowed 
to continue, a general roughness appears, accompanied by 
sparking, until finally the sparking and heating will increase 
so much that the machine may flash over from brush to 
brush, blowing the fuses or opening the circuit-breakers. 
The trouble is aggravated if the motor operates continuously 
under heavy load. If there are periods of light load, the 
commutator has an opportunity to be smoothed down by 
the brushes. This condition is appreciated by railway motor 
designers. A railway motor coasts a considerable portion 
of the time. Thus the commutator is smoothed, neutral- 
izing the roughening occurring under load. 

189. To Remedy a Roughened, High-mica Commutator. 
—(1) Use the machine on work where the load is some- 
what intermittent; (2) replace it altogether; or (3) slot the 
commutator. Then, as there are no longer two different 
materials to wear down or to be worn away by sparking, an 
unequal surface will not result. The mica need be cut 
down only ¥4¢ in. and a narrow, sharp chisel will do the 
work satisfactorily. No trouble will result from short- 
circuiting in this case (if the rotational speed of the machine 
is sufficiently great) since centrifugal force keeps. the slots 
clean. Some manufacturers ship. their machines with the 
commutators slotted. 

190. Brushes, Their Adjustment and Care.*—The position 
of the brushes on a direct-current machine should be on or - 
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near the no-load neutral point of the commutator. This 
neutral point on most standard, non-commutating-pole ma- 
chines is in line with the center of the pole and the brushes 
‘should be set a little in advance of this neutral point. The 
brushes of non-commutating-pole generators should be given 
a slight “forward lead’”’ in the direction of rotation of the 
armature. Motor brushes should be set somewhat back of 
the neutral point, the ‘“‘backward lead” in this case being 
approximately equal to the forward lead on generators. The 
exact position in either case is that which gives the best 
commutation at normal voltage 
for allloads. In no case should 
the brushes be set far enough 
from the neutral point to cause 
dangerous sparking at no-load. 
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191. The Ends of All Brushes Should be Fitted to the 
Commutator so that they make good contact over their en- 
tire bearing faces. This can be most easily accomplished 
after the brush holders have been adjusted and the brushes 
inserted. Lift a set of brushes sufficiently to permit a sheet 
of sandpaper to be inserted. Draw the sandpaper under the 
brushes (Figs. 124 and 125) being careful to keep the ends of 
the paper_as close to the commutator surface as possible to 
avoid rounding the edges of the brushes. Start with coarse 
sandpaper and finish with fine sandpaper. The sandpaper 
should be pulled under the brushes only in the direction 
of rotation of the commutator because, since brushes always 
fit loosely in their holders, accurate fitting is otherwise impos- 
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sible. When pulling the strip of sandpaper back to the start- 
ing position the brush should be raised in its holder so that it 
does not then touch the sandpaper. Each set of brushes 
should be similarly treated in turn. If the brushes are copper- 
plated, their edges should be slightly beveled, so that the 
copper does not contact with the commutator. 

192. A Carbon Brush Should Exert a Pressure of about 
114 lb. per sq. in. on the commutator. The pressure in 
any case may be determined by | 
using a spring balance as sug- 
gested in Fig. 126. Then, the 
tension of the spring should be 
adjusted so that: Total pressure 
in pounds + brush contact area 
in square inches = 14%. The 
brush pressure is the reading, in 
pounds, of the spring balance 
when the tension exerted is just 
39 file, sufficient to raise the brush 
vi from the surface of the commu- 
tator. 

193. Brush Contact Resist- 
ance.— If adjustment of brush 
position gives no relief, the fit 
of the brush upon the commu- 
tator may be poor. Any re- 

Fic. 126.—Method of deter- Sistance in series with a motor 
pare: La barat pressure armature causes a drop in speed 

; as the load comes on, the drop 
increasing almost directly in proportion to the armature- 
circuit resistance (see Art. 58). 

The resistance of surface contact of a carbon brush is a 
formidable factor, particularly with low-voltage and high-cur- 
rent machines. This contact resistance is, at ordinary brush 
densities, about 0.028 ohm per sq. in. The specific resistance 
of carbon itself is from 0.001 to 0.002 ohm per inch cube. 
Hence, for ordinary carbon, the contact resistance only is of 
consequence. The resistance of the carbon is negligible. 
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Exampiy.—An ordinary carbon brush operates at a current density 
of 35 amp. per sq. in. Then assuming a machine having one brush of 
1 sq. in. cross-section for each polarity the brush contact voltage drop 
for the machine is 2 X 35 X 0.028 = 1.96 volts. The specific resistance 
is 0.002 ohm, giving a voltage drop through the carbon itself, assuming 
a length of brush of 144 in., of 0.21 volt, which is negligible as compared 
with the drop of 2 volts due to surface contact. 


194. The Drop in Voltage Due to Contact Resistance is 
Greatly Increased if the Fit of the Brushes or the Commutator 
is Poor, which may be due either to the cutting of grooves in 
its face by the use of coarse sandpaper, or to a part of the 
carbon not touching the commutator. Hence, when the drop 
of speed is excessive, this condition should be carefully in- 
spected. Finally, the spacing of the brushes must be checked. 
Unequal spacing may not only produce a large drop in speed, 
but will reduce the efficiency and life of both brushes and 
commutator. 

195. Sparking of the Brushes may be due to one of the 
following causes* (see also Dynamo-troubles Table): (a) The 
machine may be overloaded; (6) the brushes may not be set 
exactly at the point of commutation—a position can always 
be found where there is no perceptible sparking, and at this 
point the brushes should be set and secured; (c) the brushes 
may be wedged in the holders; (d) the brushes may not be 
fitted to the circumference of the commutator; (e) the brushes 
may not bear on the commutator with sufficient pressure; (f) 
the brushes may be burnt on the ends; (g) the commutator 
may be rough; if so, it should be smoothed off; (h) a com- 
mutator bar may be loose or may project above the others; 
(¢) the commutator may be dirty, oily or worn out; (j) the 
carbon in the brushes may be unsuitable; (&) the brushes may 
not. be equally spaced around the periphery of the commuta- 
tor; (1) some brushes may have extra pressure and may be 
taking more than their share of the current; (m) high mica, 
(n) vibration of the brushes. The above are the more com- 
mon causes, but sparking may be due to an open circuit or 
loose connection in the armature (see Art. 200). 
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196. Glowing and Pitting of Carbon Brushes may be due to 
either of two causes, poor design or a wrong position of the 
brushes on the commutator. The error of design may be only 
in the choice of width of carbon brush used. The pitting is 
due to glowing. If the glowing is at the edge of the carbon it 
is plainly visible and easily located. It may, however, occur 
underneath the carbon so that it can be seen only with diffi- 
culty. Such glowing pits the carbon face by heat disintegra- 
tion. With some machines three-fourths of the brush face 
may be eaten away and the pits may be, perhaps, 14 in. to 4 
in. deep when discovered. A usual (incorrect) decision is that 
the current per square inch of contact is too great, the calcu- 
lation being made by dividing the line amperes by the square 
“inch cross-section of either the positive or the negative brushes. 
If this calculation gives a value under 45 or 50, it is certain 
that the cause of the trouble has not been judged correctly. 

197. The Real Cause of Glowing is, to be sure, excessive 
current through the brush, but this is not the line current if 
the calculation, as stated, shows a brush-face density below 
50 amp. per sq. in. It isa local current caused by the short- 
circuiting of two or more segments of the commutator by the 
brush resting upon them. The usual overlap of a carbon brush 
is about two segments, and while these two segments are 
under the brush, the armature coils connected to them are 
short-circuited. If the design of the machine is such that the 
coil so short-circuited encloses stray flux from the pole-tip, 
this flux will create in the short-circuited coil a current, per- 
haps many times larger than the brush is capable of carrying, 
with the result that the glowing and pitting occurs. 

198. Blow Holes in Machine Frame Castings Sometimes 
Cause Sparking.—Such blow holes, Fig. 127, may be large 
enough to increase the reluctance of the magnetic circuit suf- 
ficiently that the field intensity in the air gap is not sufficient 
to eliminate sparking. It has been proposed* to use X-ray 
apparatus to locate blow holes in electrical machine castings 
when the indications are that high reluctance in the magnetic 
circuit is the cause of brush difficulties. 


* Execrricat Worzp, May 1, 1915, p. 1122. 
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199. Chattering of Brushes is sometimes experienced on 
direct-current machines. Chattering under certain conditions 
may become so prominent as to not only be of annoyance, but 
as to actually break the carbons. An examination of the com- 
mutator will reveal no rough- 
ness, the surface being, perhaps, 
perfectly smooth and _ bright. 
This trouble occurs principally 
with the type of brush holder 
which has a box guide for the car- 
bon. The spring which forces 
the brush into contact rests 
on top of the carbon which has 
fairly free play in the box guide. 
Chattering usually occurs with 
high-speed commutators, run- | Fic, 127.Showing “blow 
iemeent 4,000.46 5,000 ft.. pers hples ’ in. a <direct-climentiaies 
min., peripheral speed. 

Such brush holders are necessary for commutators which, 
like those on engine-driven machines, may run out of true on 
account of the shaft play in the bearings caused by the recip- 
rocating motion of the engine. The clamped type of holder 
is usually free from bad chattering but rocks on a commuta- 
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tor that runs out, causing poor contact and perhaps sparking. 
Lubricating the commutator causes the chattering to imme- 
diately disappear, but there is no commutator compound 
which gives a lubricating effect lasting over possibly a half 
hour, Thus it is not practical to lubricate often enough to 
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prevent the chattering. There will beno chattering if the angle 
of the brush with the radial line, passing through the center of 
the carbon and the center of the commutator, is less than 10 
deg. and if the carbon trails on the commutator instead of 
leads. Fig. 128, J, shows the setting which will stop all serious 
chattering and Fig. 128, IJ and III show settings which may 
give trouble. 

200. Sparking may be Due to an Open Armature Circuit. 
—The “open” may be in the winding of the armature 
proper or it may, and more frequently, be due to a loose or 
broken connection where the armature lead is soldered to a 
commutator bar. (Open circuits in armatures may be 
located by testing methods as described in Art. 213.) Where 
an armature lead is thus broken, the most effective remedy 
is resoldering. If the location of the open circuit is within 
the winding and hence not readily available, the commutator 
bars on each side of the “open” can, fora temporary repair, 
be shunted by bridging a piece of copper, by soldering or other- 
wise, across the two segments on either side of the break. 

201. The Symptoms of Trouble Due to an Open Armature 
Circuit are vicious sparking when the machine is in operation. 
The sparking due to this defect is unlike that due to any 
other because the resulting spark is “long” and “‘heavy”’ and 
frequently appears to extend around the entire circumfer- 
ence of the commutator. A bright spark will occur each 
time the break passes the brush position. It is particularly 
destructive in its action and shortly “eats away” the mica 
between the two segments on each side of the open. Thus, 
on a machine which has been in operation, the offending coil 
may be located by the damaged segments to which it con- 
nects. The temporary bridge referred to above should be ar- 
ranged between these two segments and around the ‘“‘eaten- - 
away” mica. 

202. Ring Fire* is the name that has been given to that 
type of sparking where rings of fire embrace the circumference — 
of the commutator, wholly or partially encircling it. Ring fire 


* See article, Ring Fire and Flashing” by Gordon Fox, Powmr, March 28, 1916, 
p. 440. 
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may be subivided into two classifications: (1) ordinary ring 
fire which is of a reddish color and which may exist to a 
limited extent with all machines; (2) ring fire caused by arma- 
ture defects, which is a bluish-green color and more intense 
than the ordinary type. Ring fire is ordinarily due to minute 
ares between adjacent commutator bars. ‘The condition may 
be aggravated by conducting materials lodged in or on the 
surface of the mica insulation between bars. Current passing 
through these conducting paths between the bars renders 
the particles incandescent. ‘The fine carbon ground from the 
brushes by the normal operation of the machine or particles of 
copper from a newly turned commutator are the most frequent 
causes of this difficulty. Secondary causes are oil, paraffin 
and commutator compounds which are sometimes used, in 
which particles of conducting material may lodge. Further- 
more, oil may carbonize on the mica segments, forming a 
conducting path. Where mica insulation between segments 
has been eaten away in certain isolated locations it is probable 
that the difficulty is due to the carbonizing of oil or some other 
materials above suggested. 

Undercut commutators, particularly those rotating at low 
peripheral speed, are particularly subject to ring fire because 
oils, greases and conducting materials can readily lodge be- 
tween segments due to the undercutting, hence the com- 
mutators of slow-speed machines should be cleaned frequently 
with a stiff brush to prevent the lodgment of foreign materials 
in them. High-peripheral-speed commutators will not, ordi- 
narily, require such treatment, because with them the centrif- 
ugal force developed is usually sufficient to prevent the re- | 
tention of the dirt in the slots between segments. In machines 
of certain designs the voltage between the adjacent segments 
under the pole-tips may be great enough to produce ring fire. 
The compensated winding (Art. 37) provides an effective 
correction for this difficulty. Where the mica segments are 
thin, ring fire is more liable to occur. Furthermore, it may be 
encountered more frequently with slow-speed than with high- 
speed machines because with a high-peripheral-speed commu- 
tator the segments do not remain in the zones where the ring 
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fire is developed for a sufficiently long period to permit the 
formation of the minute arcs. 

203. Flashing is that sort of commutator sparking where 
an are attains considerable length and flashes between brush 
holder studs. It may occur in a normal machine at the in- 
stant when an excessively high e.m.f. is impressed across the 
machine or it may be due to the cumulative effect of a number 
of the causes which promote sparking. Flashing is more liable 
+o occur in motors than in generators. 
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Fig. 129.—Circuit and equipment for testing direct-current armatures 
for trouble with direct-current. 


204. Direct-current Armatures can be Tested for the Com- | 
mon Troubles with the arrangement of Figs. 129 and 181. 
Terminals 6 and ¢ are clamped to the commutator at opposite 
sides and connected with a source of steady current through 
an adjustable resistance and, preferably but not necessarily, 
an ammeter. The terminals of a low-reading voltmeter (a 
galvanometer can often be used) are connected to two bare 
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metal points or “exploring terminals,’ which are separated 
_ by an insulating block, 7. Exploring terminals may also be 
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Fig. 130. Fig. 131. 

Fig. 130.—A type of easily-made exploring terminals. (The flexible 
cord leads are soldered to the solid copper wires within the tape-wrap- 
ping handle.) 

Fic. 131.—Method of testing an armature. 


arranged as shown in Figs. 129, JJ and 130. In use, the 
current is adjusted to produce a convenient deflection of the 
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Fic. 132.—Illustrating a method of locating faults in an armature with 
alternating current. 


voltmeter when each of the points rests on an adjacent bar. 
The points are moved around the commutator and bridged 
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across the insulation between every twobars. If the voltmeter 
deflection is the same for every pair of bars it indicates that 
there is no short-circuit in the armature. 

_ 205. In Testing Armatures Where Only Alternating Current 
or Low-voltage Cells are Available a telephone receiver (Figs. 
132, 133 and 134) may be used instead of an electrical-measuring 
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Fig. 133.—Fault-locating outfit consisting of telephone receiver, vibrator 
and dry cells. 


instrument for a detector. The variations or appearance or 
disappearance of the sound in the receiver, as the test is being 
conducted, enables the operator to localize the trouble. The 
alternating current (Fig. 132) will cause a hum in the telephone 
receiver and the pulsating current produced by the vibrator 
(Figs. 133 and 134) effects the same result. The vibrator may 


dite: 


Watch -Case: 
Telephone 
Receiver 


I-Locating Short Circuits Il-Locating Grounds. 


Fig. 134.—Circuits for locating faults in an armature with a low-voltage 
source and a vibrator. 


be an ordinary vibrating bell or buzzer connected in series in 
the circuit as shown in the illustrations. 

206. High-voltage Alternating Current for Testing Arma- 
tures is sometimes used (Fig. 135) for high-resistance grounds 
which may not be detectable where a low e.m.f. is used for 
testing. Such high-resistance grounds may not in normal 
operation make their presence known until there is also a — 
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ground on the supply system feeding the motor. In using 
this apparatus the procedure is merely to connect one 
terminal, A, of the high-voltage source to the commutator, 
and the other terminal, B, to the shaft. When the high 
voltage, Hz, is impressed on the armature, this will, usually, 
break down the insulation at the weak point and render the 
location of the ground apparent by the smoke which will 
emanate from the point of breakdown. Fuses, or circuit- 
breakers, C1, C2, should be inserted in the supply circuit to 
prevent the disastrous effects of a short-circuit. 
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Fic. 135.—Method of obtaining and applying ‘“‘high potential’ for 
armature fault location. 


207. An Alternating-current Inducing Coil is Sometimes 
Used for Localizing Armature Troubles.*—Such a coil is 
illustrated in Fig. 136 while the methods of its application are 
illustrated in Fig. 137. The inducer is merely an alternating- 
current magnet having a U-shaped core composed of sheet- 
steel laminations. ‘The laminations should be interleaved and 
hinged at the point H so that the core may be opened or 
closed to most effectively accommodate armatures of different 
diameters. In use the core should be opened to such a width 
that its two poles, P; and Ps, will have a separation corre- 
sponding to the throw of one armature coil. As shown in 
Fig. 137 the poles should not touch the armature iron when a 
test is being made, but an air gap of approximately 14 in. 
should be allowed. 

208. The Principle of Operation of the Inducer is This.— 
The alternating flux developed by the current in the inducer 
winding sets up an e.m.f. in the armature coils and if a coil 
is short-circuited it will cause a current to circulate in that 


* PRACTICAL ENGINEER, Oct. 1, 1914, p. 965- 
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Fic. 136.—“Inducer” used in locating faults in a direct-current armature 
It induces an alternating e.m.f, in the armature winding. 
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I-Locating a Short Circuit 
Fie. 137.—Arrangements for locating short circuits and grounds with 
the alternating-current inducer. 
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coil. Thus, in making a test the excited inducer is held 
over the armature, which is rotated. Now, if the arma- 
ture is slowly rotated, while a small piece of metal is held 
lightly on the commutator so that it will bridge the seg- 
ments between each of the bars, there will be, as the armature 
is rotated, an are produced each time one of the segments is 
bridged, provided the segments connect to a normal coil. 
But, if a coil is open, short-circuited or reversed, there will 
be no sparking. To determine whether the difficulty is 
due to an open or a short-circuit, the small iron test strip 
is bridged across the armature slots. When the coil is 
short-circuited the induced current which will flow in it will 
create a flux around the sides of the coil which can be de- 
tected with an iron test strip which is moved over the arma-~ 
ture coil slots. Furthermore, a short-circuited coil will be 
quickly heated by the local current flowing in it. 

209. The Telephone Receiver Detector Used with the 
Inducer, Fig. 137, affords a more accurate but somewhat 
slower method than that described in preceding Art. 207. 
To locate a short-circuit, Fig. 1387, J, an exploring terminal 
connected to the receiver is held on the commutator while 
the armature is rotated. When the exploring points are 
bridging a normal coil there will be a hum in the receiver 
due to the induced alternating current flowing through it. 
When the points bridge a short-circuited coil there will be 
little or no hum in the receiver, depending upon the number 
of short-circuited turns. When the exploring-needle points 
bridge an open coil, an alternating current of considerable 
intensity will flow through the receiver and a loud click will 
be heard. Where a coil is reversed, several of the coils ad- 
jacent to it will test “silent.” To definitely locate the in- 
correctly connected coil, it will be necessary to raise some of — 
the coils and trace them out by inspection. To locate a 
ground, the connections are made as shown in Fig. 137, IJ, 
and the armature is slowly rotated. When, as the armature 
is rotated, contactor C is on the segment connecting to the 
grounded coil, no sound will be heard in the receiver but at 
other locations there will be a sound, the sound diminishing 
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in intensity as the segment connecting to the grounded coil is 
approached. For locating partial grounds, this method may 
be ineffective, in which case 
‘armature une. that involving a high alternat- 
TA Nez cece wren, ing voltage (Art. 206) where- 
Shaft- ean . . 
by an insulation breakdown 
may be produced, should be 
employed. 
Fic. 138.—Rig for testingsmall 910, A Rack for Testing 
armatures. (ELECTRICAL REVIEW.) Smalls Atnaturess eens 
methods of Figs. 131, 182 and 134 is detailed in Fig. 188. Or- 
dinarily a man and a helper are necessary in testing out an 
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Fig. 189.—Showing application of the ‘“‘modified fuse connector” for 
connecting test lamp in series in the testing circuit. 


armature but with the appliance shown one operator can 

locate the faults. | 
211. A Convenient Arrangement of a Test Lamp and Ex- 

ploring Terminal is shown in 

Fig. 1389. The flexible cord, joe Fo - RT eee 

and the indicating lamp, which a ¢ 

also serves as a resistor for 

limiting the current, and the Ct ee 

exploring terminal can be cut Fibre tube Terminal Blade? 

in series with the supply cir- Fig. 140.—Sectional elevation ox 

cuit by means of a fuse con- pata oe 


nector as detailed in Fig. 140. With this arrangement the ~ 
testing set can be quickly cut in service at any point where 
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there is a cut-out. Where it is used, it may be necessary to 
close the line with a temporary switch or otherwise on the 
load side of the cut-out. An Edison plug or a ferrule contact 
fuse can be used instead of the knife-blade contact fuse of Fig. 
140 by adopting obvious modifications. 

212. A Poor Connection between a Bar and Coil Leads 
will cause a considerable deflection of the voltmeter (Fig. 131) 
when one of the points rests on the bar in trouble and the 
other rests on either of the adjacent bars. 

213. An Open-circuited Coil, as h, Fig. 131, will prevent 
the flow of current through its half of the armature. There 
will be no deflection on that half of the armature until the 
“open”’ is bridged, when the voltage of the testing circuit will 
be indicated. 

214. Tests for Open Armature Circuits—Another method 
(Fig. 141) is to apply to the commutator, at two opposite 
points, a low voltage, say from a battery or from a dynamo 
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Fic. 141.—Testing for armature Fig. 142,—Testing for armature 
open-circuit with an ammeter. open-circuit with a voltmeter. 


with a suitable resistance (incandescent lamps for example) 
in series. Place an ammeter in circuit and clean the surface 
of the commutator so that it is bright and smooth. The 
terminal ends leading the current into and out of the commuta- 
tor should be small, so that each rests only on a single segment 
(Fig. 141). Note the ammeter reading and rotate the arma- 
ture slowly. At the point where the open circuit exists the 
ammeter needle will go to zero if the leads to the commutator 
bar have become entirely open-circuited. This is because the 
segment is attached to the winding through the commutator 
leads. 
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If the armature does not show the above symptoms, try con- 
necting a low-reading voltmeter or a galvanometer to two 
adjacent segments while the current is passing through the 
armature as described from some external low-voltage source 
(Fig. 142). Note the deflection. Pass from segment to seg- 
ment in this manner, recording the drop between the succes- 
sive pair of bars. This drop, if the current is maintained 
constant from the external source, should be the same between 
each pair of adjacent segments. If any pair shows a higher 
drop than the others near it, a higher resistance connection 
exists there, perhaps causing sparking and biting of the com- 
mutator insulation, to a less degree, to be sure, than with an 
actual open circuit, but enough, perhaps, to cause the trouble 
requiring the investigation. 

215. The Test for Armature Short-circuits, described in the 
preceding paragraph (Art. 204) is called a “‘bar to bar”’ test. 
It is most valuable in locating faults in armatures. It is the 
method to use if a short-circuit from one segment to another 
is suspected. When the section in which the short-circuit, or 
partial short-circuit, exists comes under the contacts, a low 
or perhaps no deflection is shown on the galvanometer or volt- 
meter, thus locating the defective place. Such short-circuits, 
if they occur when running, owing to defective insulation, 
burn out the coil short-circuited. When the coil passes 
through the active field in front of the pole-piece, an immense 
current is induced in it, causing a destruction of the insulation. 
When this occurs the coil should be open-circuited if the burn- 
ing has not already short-circuited it. If practical, it should 
be bridged over, as suggested in a preceding paragraph. 

216. If Two Bars or a Coil is Short-circuited as at f and 
g (Fig. 131) respectively, there will be little or no voltmeter 
deflection when the two bars connecting to the “short-circuit” 
are bridged by the point. 

217. A Grounded Armature Coil can be detected in practi- 
cally the same manner as indicated in Fig. 148 for a field coil. 
Fig. 144 shows the connections. Impress full voltage on the 
terminals A and B, clamped to the commutator. Ground one 
side of the voltmeter on the shaft or spider as at G and touch 


Sec. 4] DIRECT-CURRENT GENERATORS AND MOTORS 139 


_ a contactor C connected to the other side of the voltmeter to 
all the bars in succession. The minimum deflection will ob- 
tain when the bars connecting to the grounded coil are touched. 
A battery of dry cells, Z (Fig. 144), having in series a resistor, 
R, may be used as a source of energy. A bank of lamps 
connected in parallel will serve as a resistor. Instead of using 
a voltmeter as in Fig. 142 a galvanoscope, F (Fig. 144), may 
be used. Such a galvanoscope may be improvised by wind- 
ing a coil of wire around a pocket compass but where this 
device is employed the galvanoscope must be used far enough 
away from the machine under test so that the compass needle 
will not be affected by the magnetization of the machine under 
test. 


Battery- 


Resistance... 


Contactor--~. 


Fig. 143.—Locating a grounded Fia. 144.—Arrangement of con- 
field coil. nections for locating a ground in 
an armature. 


218. Crossed Coil Leads as at a (Fig. 131) ave indicated by 
a twice normal deflection when the points bridge the bars to 
which the crossed coils should rightly connect. The crossing 
of the coil leads connects two coils in series, hence causes twice 
normal drop. Bridging the bars to which coil h connects will 
produce a normal deflection, but it will be reversed in direction. 

219. Reversed Armature Coil.—Instead of the armature 
winding progressing uniformly around from bar to bar of the 
commutator, there may at some point be a coil connected in 
backward. Such a reversed coil often causes bad sparking. 
~ One way to locate such a trouble is to pass a current through 
the armature, at opposite points on the commutator. Then 
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with a compass explore around the armature the direction of 
magnetism from slot to slot. If a coil is reversed when the 
compass comes before it, the needle will reverse, giving a very 
definite indication of the improperly connected coil. 

220. Heating of Armature.*—Heating of the armature may 
develop from any of the following causes: (a) Too great a 
load; (6) a partial short-circuit of two coils heating the two 
particular coils affected; (c) short-circuits or grounds on arma- 
ture or commutator. 

221. Hot Armature Coils.—Sometimes when a new machine 
is started, local heating occurs in the armature, following the 
exact shape of the armature coil. This may be because, in 
receiving its final turning off, the commutator bars were 
bridged with copper from one segment to another by the 
action of the turning tool. Anexamination of the commutator 
surface will reveal this bridging. When it is removed, satis- 
factory operation will ensue if the trouble has not gone too far 
and seriously injured the insulation of the coil. 

222. “Flying Grounds,” “Flying Short-circuits” and ‘‘Flying 
Open Circuits’? sometimes occur in armature windings. These 
are intermittent troubles which may assert themselves when 
the machine is hot, after running underload, and its component 
parts expanded. Then, when it cools, the trouble may auto- 
matically correct itself. Sometimes the reverse condition oc- 
curs, that is, the fault will be present when the machine is cold, — 
but will be temporarily corrected when it is hot. Further- 
more, centrifugal force due to the rotation of the armature 
may be a factor in the situation, in which case the defect 
may be present when the armature is rotated at normal 
speed, but not present when the armature is stationary. 
Obviously, such troubles are very difficult to locate. 
About the only way to localize them is to run the machine 
until the defect has “burnt itself out’’ or otherwise ren- 
dered its presence sufficiently evident that it can be located 
by the usual testing methods described above. 

223. A Grounded Field Coil can be Located (Fig. 143) 
by connecting a source of voltage to the machine terminals 


® WxEsTINGHOUSE INSTRUCTION Book. 


Sec. 4] DIRECT-CURRENT GENERATORS AND MOTORS 141 


having first raised the brushes from the commutator, if it is 
a direct-current machine. Connect one terminal of the volt- 
meter to the frame and the other to a lead with a bared end. 
Tap with the bared end exposed parts of the field circuit. The 
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- Fie. 145.—Connections for the determination of the insulation resistance 
of one field coil. 


voltmeter deflection will be least near the grounded coil. 
The insulation resistance of a field coil'may be determined 
with the arrangement of Fig. 145. 

224. A Method of Locating an Open-circuited Field Coil is 


illustrated in Fig. 146. Con- 
nect one terminal of the volt- 
meter to one side of the field- 
coil circuit and with the bared 
end of a wire or a contactor, 
successively touch the junc- 
tions of the field-coil leads 
around the frame. When the 
open coil is bridged the volt- 
meter will show a full deflec- 
tion. Another way: Connect 
the field-coil circuit terminals 
to a source of voltage. Con- 
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Fie. 146.—Locating an open field 
coil. 


nect the voltmeter successively across each coil as indicated 
by the dotted lines in Fig. 146. There will be no deflection 
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on the voltmeter until the open coil is bridged, when the full 
voltage of the circuit will be indicated. 

225. Open Field Circuit.—If, on closing the field switch, no 
magnetization is detected by trial with any piece of iron, a 
key for example, there is an open circuit within one of the 
spools or in the wires leading to these spools. ‘The open cir- 
cuit can be located by cutting out one spool at a time and 
allowing current to flow through the rest until the defective 
spool is discovered. On a two-pole motor try first one spool 
and then the other. For a very short time, say, 10 min., 
double voltage can be carried on a spool. Ona motor having 
four or more poles, three spools can always be left in circuit 
during the search for the open-circuit. 

226. Heating of Field Coils* may develop from any of the 
following causes: (a) Too low speed; (b) too high voltage; (c) 
too great forward or backward lead of brushes; (d) partial 
short-circuit of one coil; (e) overload. 

227. Reversed Field-spool Connection.—There may be cases 
where the manufacturer has shipped a motor with one or more 
field spools reversed. If such is the case no torque, or, per- 
haps, very weak torque, will result. Under such conditions 
a trial with a key or other piece of iron will show proper 
field magnetism, yet the weakness or total absence of torque 
will be present, and a trial for polarity (Art. 98) should be 
made. 

228. If a Direct-current Motor will not Start When the 
Starting Box is Operated and when current is flowing in the 
armature, an investigation should be made to see if there is a 
field flux. This can be done by holding a piece of iron, such 
asa key, against the pole-piece. If the flux exists the key will 
be drawn strongly against the pole-piece; if there is no flux 
there will be practically no attraction. 

229. Sometimes a Motor When Started will Run in the 
Wrong Direction.—The only change necessary is to reverse the 
field connection. Thus Fig. 147 shows at the right the con- 
nection for one direction of rotation and at the left, that for the 
other. Note that in Fig. 147 J, the brushes A and A! are 
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shifted backward against the direction of rotation. 


For the 


opposite rotation, a backward, lead as shown in Fig. 147, II, 


must be chosen. 


-Shunt p 
Field Winding $= 
Cencrna. 


Armature” 
Right Hand Rotation 


ture 
Left Hand Rotation. 
Fig. 147.—Connections for shunt-wound motors. 


230. Bearing Troubles of Motors and Generators.— 
Modern generators and motors, both alternating- and direct- 


148.—Showing the con- 


Fia. rir C 
struction of self-oiling bearings 


used in small-capacity Lincoln 
_ Electric Company motors. 


_ oil upon the shaft. 


current, have  self-oiling or 
(for some machines of the 
smaller capacities) ball bear- 
ings, (Figs. 148 and 149). 
The self-oiling bearings should 
be filled to such a height that 
the rings will carry sufficient 
If the 
bearings are too full, oil will 
be thrown out along the shaft. 
Watch the bearings carefully 
from the time the machine is 
first started until the bearings 
are warmed up, then note the 
oil level. The expansion of 
the oil due to heat and foam- 
ing raises the level consider- 
ably during that time. The 
oil should be renewed about 


once in six months, or oftener if it becomes dirty or causes 


__ the bearings to heat. 
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231. Bearings Must be Kept Clean and Free from Dirt.— 
They should be examined frequently to see that the oil supply 
is properly maintained and that the oil rings do not stick. 
Use only the best quality of oil. New oil should be run through 
a strainer if it appears to contain any foreign substances. If 
the oil is used a second time it should first be filtered and, if 
warm, allowed to cool. If a bearing becomes hot, first feed 
heavy lubricant copiously, loosen the nuts on the bearing cap, 
and then, if the machine is belt-connected, slacken the belt. 
_ If no relief is afforded by these means, shut down, keeping 
the machine running slowly until the shaft is cool, in order 
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Fig. 149.—Showing the construction of a modern, ring-oiling bearing for 
a medium, and large-capacity electrical machine. 


that the bearing may not ‘‘freeze.’”” Renew the oil supply - 
before starting again. A new machine should always be run 
at a slow speed for an hour or so in order to see that it oper- 
ates properly. The bearings should be inspected at regular 
intervals to insure that they always remain in good condition. 
The higher the speed, the more care should be taken in this 
regard, 

232. A Warm Bearing or ‘Hot Box” is probably due to ~ 
one of the follewing causes: (1) Excessive belt tension. (2) 
Failure of the oil rings to revolve with the shaft. (3) Rough 
bearing surface. (4) Improper lining up of bearings or fitting | 
of the journal boxes. 

233. Ball Bearings are now being used for electrical ma- 
chinery, particularly for units of medium and small capacity. 


a 
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Typical examples of these applications are shown in Figs. 150, 
151, and 152. Ball bearings involve less friction loss than do 
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Fig. 150.—Gurney ball bearings in a vertical induction motor. With 
this arrangement no thrust bearings are necessary. 


Fic. 151.—Application of ball bearings to _a polyphase squirrel-cage 
induction motor. (Gurney Bearing Co.) 

those of the babbitted type, the friction loss with them being 

approximately one-quarter of that which obtains with bab- 

: 10 
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bitted bearings of good construction. This means that where 
an electrical machine is fitted with ball bearings its bearing 
friction loss will be negligible. Another desirable feature of 
ball bearings is that because of their very small friction the 
wear in them is very slight so that low bearing troubles and 
variations in air gap due to wear, which is encountered with 
babbitted bearing machines after they have been in service 
for a considerable period, is greatly minimized. Experience 
has indicated that ball bearings, if properly designed and prop- 
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Fig. 152.—Showing application of Gurney ball-bearings in a direct- | 
current, train-lighting generator. 


erly applied, will show no measurable wear after many years 
of continued service. Where bearings of this type are used 
on vertical motors (Fig. 150), if suitably designed, individual 
thrust bearings are unnecessary, which tends toward a re- 
duction in weight and initial cost. Good ball bearings need 
no other attention than a change of the lubricating oil a couple 
of times a year. 

234. To Insure That an Armature is Properly Balanced— 
if it is not balanced it will probably cause noise when rotating 
at normal speed—it is necessary to remove the armature from ° 
the machine. It is then placed on a balancing stand or on 
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level knife-edge bars (Fig. 153) to ascertain which is the heavy 
side. If the armature is properly balanced, it will each time, 
after having been rotated by hand, stop in no particular posi- 
. tion, but if it is out of balance it will always stop in the same 
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Fig. 153.—Roller-bearing armature stand and knife-edge leveling rig. 


position on the balancing rig (Fig. 153), with the heavy side 
down. The counterbalancing weight which should be added 
to the light side to properly balance the member may consist 
of a screw which is turned into a tapped hole in some iron 
part of the commutator struc- 
ture. By filing just the proper 
amount of metal from the screw 
head, very accurate balance will 4 
be obtained. Or instead, a «< 
small ball of solder may be 
sweated to the light side or 
some of the metal filed from 
the heavy side. Ascertain by 
trial just how much metal should be added or removed be- 
fore attempting to make a permanent correction. 

235. A Rack for Supporting Medium-size Armatures may 
be constructed as shown in Fig. 154. Such an outfit will not 
alone be found very convenient but will likely prove a profit- 
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Fie. 154.—A rack for medium-size 
armatures. (Exc. Rev.) 


_ able investment in that if used it will tend to prevent damage 


to the armature winding and end connections. 


SECTION 5 


TESTING OF DIRECT-CURRENT GENERATORS AND 
MOTORS 


236. Motor Testing.—In all of the discussion of this sub- 
ject, of testing for both direct-current and alternating-cur- 
rent motors, it is assumed that the motor is loaded in the 
usual way by belting or direct-connecting it to some form 
of load, and that the object is then to determine whether the 
motor is over- or underloaded, and approximately what per 
cent. of full-load it is carrying. All commercial motors have 
nameplates, giving the rating of the motor and the full-load 
current in amperes. The per cent. of full-load carried by the 
machine can, therefore, be determined approximately by 
measuring the current input and the voltage. If an efficiency 
test of the apparatus is required, it becomes necessary to use 
some form of absorption dynamometer, such as a Prony (Art. 
239) or other form of brake. The output of the motor can 
then be determined from the brake readings. The accuracy 
of all tests is, obviously, dependent upon the accuracy of the 
instruments employed. Before accepting the results obtained 
by any test, particularly under light or no-load, one should 
be certain that the instruments employed are accurate under 
the conditions encountered. 

237. The Horse-power, Torque and Speed Formulas For 
All Electric Motors follow from the general formula for horse- 
power, the derivation of which is suggested in Art. 238. Thus, 
on p= 2X 3.14 XT Xr.p.m. ¥ 6.28 X T X r.p.m. 

33,000 33,000 


Then, dividing both numerator and denominator of (17) as 
simplified, by 6.28: 


\ Dor ant. 
(18) hp. = area (horse-power) 


148 


Sec. 5] TESTING OF GENERATORS AND MOTORS 149 


and 
5,255 ne 
(19) T = eee: (pound-foot) 
hence 
(20) rpm. = eat petite (rev. per min.) 


Wherein, h.p. = horse-power output of the motor, when it is 
running at the r.p.m. speed and developing torque TJ. JT = 
torque in pounds-feet, or, say- 
ing the same thing in another 
way, the torque in pounds at 
1-ft. radius. r.p.m. = speed of 
motor, in revolutions per 
minute. 

238. How To Determine 
the Horse-power Output of an 
Electric Motor with a Prony 
Brake is explained in the fol- 
lowing example (Fig. 155). 
The principle involved has as_ 
its basis the concept of torque Fra. 155.—Arrangement for de- 
which is discussed in the au- ‘*ermining the h.p. output of a 

motor with a prony brake. 
thor’s Practical ELECTRICITY. 


ExampLe.—The torque (Fig. 155) is 20 lb. at 4-ft. radius, or 80 lb.4t., 
or 80 lb. at 1-ft. radius. Since the motor pulley is turning at the rate 
of 1,000 r.p.m., a point on its circumference travels: 2 X r X radius X 
r.p.m. = 2 X 3.14 X 1 X 1,000 = 6,280 ft. per min. At its circumfer- 
ence the pulley is then ‘“‘overcoming”’ a resistance of 801b. Therefore, 
it is doing work at the rate of: 80 X 6,280 = 502,400 ft.-lb. per min. 
Since, when work is done at the rate of 33,000 ft.-lb. per min., a horse- 
power is developed, the motor is then delivering: 502,400 + 33,000 = 
15.2 h.p. It should be noted that, though the torque at the circumfer- 
ence of the motor pulley was considered in this example, it is not neces- 
sary to take the torque at this point. The torque may be taken at any 
point, if the radius to that point is used, instead of the radius of the 
pulley. Substituting the values from the above example in formula (18) 
of Art. 237: h.p. = (80 X 1,000) + 5,252 = 15.2 h.p. This is the:same 
result secured by the former and longer method. 


239. There are Several Different Forms of Prony Brakes, 
the most important of which are illustrated in Figs. 155, 156 
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and 157, With the brakes of Figs. 155 and 156: torque, in 
pounds-feet = F, XL. Where F, = force, measured in pounds, 
at the end of the brake arm; and ZL = the effective length 
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Fic. 156.—Prony brake of the band-brake type. 


of the brake arm, in feet, that is, the distance from the center 
of the shaft to the point at which the force is measured. For 
measuring small torques, the self-regulating brake (Fig. 157, J) 
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Fic. 157,—Different forms of prony brakes. 


may be arranged by setting copper rivets in a leather belt. 
The rivets per unit of surface should increase from zero at 
one end of the working surface to a maximum at the other. 
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Where very small torques are to be measured, a round belt 
in a grooved pulley can be used for the band.* The belt 
should have a small steel wire wound around it spirally. The 
turns of the wire around the belt should increase from zero 
at one end to a maximum number at the other. 

With the arrangement of Fig. 157, 7:7 = (Fur — Fp) X Lh. 
The distance, Z1, should be measured from the center of the 
shaft to the center of the band or belt. At 7:7 = (Fus — Fp) 
xX Ly. With the brake of IJI:T = Fy3 X Ls. In all of these 
determinations, if F and LZ are measured in pounds and feet, 
respectively, 7 will be the torque in pounds-feet. 

240. A Direct-current Motor or Generator Magnetization- 
curve Test may be conducted as shown in Fig. 158. See Fig. 
18 for a magnetization curve. The object of this test is to 
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Fie. 158.—Arrangement for obtaining data for plotting a magnetization 
graph for a direct-current motor or generator. 


determine the variation of armature voltage, without load onthe 
machine, with different intensities of current flowing through 
the field circuit. The armature should be driven at normal 
speed. ‘The effective resistance of the rheostat, R, in the field 
circuit is varied and the voltage across the armature measured. 
The curve obtained by plotting a series of these two values 
is usually called magnetization curve or graph of the generator. 
It is usual to start with a high resistance in the field circuit 
so that very small field current flows, gradually increasing this 
current by cutting out the field resistance. When the highest 
no-load voltage required is attained, the field current is then 
diminished, and the data for what is called the descending (as 
opposed to the ascending) magnetization curve are obtained. 
The difference in the two curves is due to the lag of the 


*H.N. Scheibe, Exucrric JournAt; vol. iv, p. 118. 
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magnetization behind the magnetizing current, and is due to 
the hysteresis of the iron in the armature core. 

241. A Load and Speed Test of a Direct-current Shunt 
Motor may be made with the equipment diagrammed in Fig. 
159. The procedure in this test is to maintain the voltage 
applied to the motor constant, and to vary the load by means 
of a Prony brake (Art. 238) and determine the corresponding 
variation in speed of the machine and in the current drawn 
from the supply circuit. If the motor is a constant-speed 
machine the field resistance ismaintained constant. For start- 
ing the machine, an ordinary starting rheostat should be 
inserted. 


Ammeter- 


~_ 
S 
fa) 


Voltmeter- 


Fia. 159.—Connections for a load and speed test on a direct-current 
shunt motor. 


242. In Making a Temperature Test of a Direct-current 
Shunt Motor or Generator by the ‘“‘Loading-back” Method 
the equipment may be disposed as illustrated in Fig. 160. In 
making temperature tests on a small generator (this method 
is not illustrated) it is usual to drive the generator with a 
motor and to load the generator with a lamp bank or resistance, 
the voltage across the generator being maintained constant, 
and the current through the external circuit adjusted to full- 
load value. The temperatures are then recorded. When they 
reach a constant value above the temperature of the atmos- 
phere, the test is discontinued. Similarly in making a test 
on a small motor, the motor is loaded with a generator and 
the load increased until the input current reaches the normal 
full-load value of the motor, the test being conducted as for 
a small generator. 

When, however, the apparatus, either motor or generator, 
is of considerable capacity it becomes necessary, in order to 
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economize energy and thus decrease the cost of testing, to use 
what is called the loading back method. The apparatus for 
this is shown in Fig. 160. The motor is started in the usual 
way, with the generator belted to it, the external circuit of the 
generator being open. The field current of the generator is 
then so adjusted that the generator voltage is equal to that of 
the line. The generator is then connected to the circuit and 
its field resistance varied until it carries normal full-load cur- 
rent, or slightly less than full-load current. Under these con- 
ditions, if the motor and generator are of the same type and 
size, the motor will carry slightly in excess of full-load, the 
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Fig. 160.—Connections for temperature test of shunt generator or motor 
by the ‘‘load-back”’ method. 


difference being approximately twice the losses of the ma- 
chines. Under these conditions the total power drawn from 
the line is equal to twice the loss of either machine. ‘Tem- 
perature readings are taken as in other temperature tests. 
243. The Determination of the External Characteristic of a 
Direct-current, Compound-wound Generator Under Adjust- 
able Load may be effected with apparatus arranged as shown 
in Fig. 161. The object of this test is to determine the relation 
between armature voltage and armature current when the 
shunt-field current is maintained constant. The shunt field 
is adjusted to give normal voltage across the armature when 
the external circuit is open. The load is then imposed by 
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means of an adjustable resistance or lamp bank, R, and read- 
ings of external voltage and current recorded. If the machine 
is normally compounded (Fig. 15) the external voltage will 
remain practically constant throughout the load range. If 
the machine is under-compounded, the external voltage will 
drop with load, while if over-compounded, (Fig. 14) there 
will be a rise in voltage with increase in load. 
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Fria. 161.—Testing arrangement for determining the external char- 
acteristic of a compound-wound direct-current generator. 


244. A Test to Determine the External Characteristic of a 
Shunt-wound Direct-current Generator is diagrammed in Fig. 
162. The external characteristic of a shunt generator is a 
graph (Fig. 10, J) showing the relation between the current and 
voltage of the external circuit. The shunt-field current is so 
adjusted by manipulating rheostat, R, that the machine im- 
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Fig. 162.—Arrangement for obtaining data for external characteristic 
of a shunt-wound generator. 


presses, on its external circuit, normal voltage when the ex- 
ternal circuit is open. The field current is then maintained 
constant and the external-circuit current varied by varying 
the resistance in the circuit with the rheostat, L. By plotting, 
on squared paper, voltage along the vertical, against the corre- 
sponding amperes along the horizontal, the external character- 
istic graph is obtained. 
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245. Measurement of the Insulation Resistance of Genera- 
tors and Motors will give an indication of the average condi- 
tion of the insulation as regards moisture and dirt, but will 
not always detect weak spots.* The higher the insulation 
resistance, the better the general condition of the insulating 
material. The approximate figure of 1 megohm per 1,000 volts 
of rated e.m.f. when the machine is at its normal full-load 
temperature may be taken as indicating a fairly satisfactory 
condition of the armature insulation. The insulation resist- 
ance of the field will be much higher in proportion to the e.m.f. 
of the exciting current and will seldom give appreciable 
trouble. Since large armatures have much greater areas of 
insulation, their insulation resistance will be proportionally 
lower than that of small machines. Even though the material 


Source of Voltage 


Fic. 163.—Measuring generator insulation resistance. 


is in exactly the same condition, the insulation resistance of 
any machine will be much lower when hot than when cool, 
especially when the machine is rapidly heated. 

246. The Only Feasible Way of Increasing the Insulation 
Resistance When the Machine is Complete is by “Drying 
Out.””—Armature winding and field coils are dried out by heat; 
baking in an oven is to be preferred, but is often impracticable. 
They are usually heated by the passage of current. In the 
case of the armature this may be accomplished by short-cir- 
cuiting the leads and running the generator with a low field 
charge, just sufficient to produce the proper current. See 
Art. 107. 

247. Insulation Resistance may be Conveniently Measured 
with a High-resistance Voltmeter, preferably one especially 

* Westinghouse Elec. & Manfg. Co. 
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designed for the purpose. Voltmeters having a resistance of 
1 megohm are now made for this service so that, if ono of 
these instruments is used, the calculation is somewhat simpli- 
fied. A double-pole switch arranged as indicated in Fig. 163 
is convenient for changing the voltmeter connections. If a 
grounded circuit is used for making this measurement, care 
must be taken to connect the grounded side of the line to the 
frame of the machine to be measured, and the voltmeter be- 
tween the windings and the other side of the circuit. Fig. 
145 illustrates the method of determining the insulation resist- 
ance of a field coil. See the author’s AMERICAN ELECTRICIAN’S 
Hanpsoox for a description and examples of the method and 
figuring used in making determinations of insulation resistance 
with a voltmeter. 


SECTION 6 


PRINCIPLES, CONSTRUCTION AND CHARACTERISTICS 
OF ALTERNATING-CURRENT GENERATORS 


248. Modern Commercial Alternating-current Generators 
or Alternators usual'y are arranged as suggested diagrammat- 
ically in Fig. 164. Electromagnets, excited by a small direct- 

current generator or exciter, are mounted on a wheel-like 
structure which revolves within a circular stationary frame in 
the inner surface of which are armature coils. [he revolving 
part is the revolving field; the stationary part is the armature. 
The direct current is fed to the field coils through collector 
rings. Armature coils are, in practice, arranged in slots in 
the inner circumference of the armature structure. Alternat- 
ing e.m.fs. are induced in the armature by the lines of force 
from the revolving field magnets cutting the armature coils. 
The alternating voltage can be varied, within limits, by ad- 
justing the field rheostats. 

249. There are Several Types of Alternators or alternating- 
current generators. They are: (1) Revolving-armature alter- 
nators (Fig. 165) wherein the armature revolves and the field 
magnets are stationary; revolving-armature machines are now 
ordinarily manufactured only for capacities of less than about 
30 kva.; (2) revolving-field alternators, wherein the field mag- 
nets revolve and the armature is stationary (Fig. 166); (3) 
inductor alternators, wherein both field magnets and armature 
are stationary and iron cores revolve between the armature 
core and the field-magnet poles. Modern alternators of mod- 
erate and large capacity are practically all of the revolving- 
field type because the stationary armature offers better op- 
portunity for insulation and a high voltage is not necessary 
on the collector rings. Fig. 166 shows a modern installation 
of a small revolving-field alternating-current generator. In 
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Fie. 165.—A small revolving-armature generator. (This Westing- 
house belted alternator is rated at 20-kva., three-phase or 14-kva. single 
ae 1800 r.p.m., 120, 240, 480 or 600 volts, three- or single- 
phase, 
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Fic. 166.—A Ridgway 75-kva., 277-r.p.m., three-phase, 60-cycle, 240- 
volt, direct-connected, engine-type generator, driven by a 12 X 14 
106-h.p. high speed Ridgway engine. The exciter is belt-driven and has 


an output of 5 kw. 
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{Art. 250 
Fig. 167 are illustrated two revolving field turbo-generator 
units. 
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Fic. 167.—Two 500 kva., Ridgway, mixed-pressure, turbo-alternator 
units. 2200 volts, three-phase, 60-cycles. 
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Fie. 168.—Stator of a Westinghouse alternating-current generator for 
steam-turbine drive. 


260. The Construction of Turbo-alternators—that is alter- 
nating-current generators arranged for steam-turbine drive 
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Fig. 169.—Stator (alternating-current armature) of a turbo generator 
without armature windings and with end bells removed. 
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Fig. 170.—Rotor (direct-current field) core for an alternating-current 
turbo generator. This shows one of the “radial-slot” type. 
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(Figs. 168 to 171)—is somewhat different from that utilized for 
machines which are to be driven at moderate speeds. How- 
ever, these are always revolving-field machines. Steam tur- 
bines, if they are to develop their maximum economies, must 
operate at high speeds and it follows that generators which 
are to be driven directly by them must be capable of operating 
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Fie. 171.—End-view of a turbo-alternator armature with the winding 
and braces in position. 


at the same speeds; 1,200, 1,800 and 3,600 r.p.m. are speeds 
frequently encountered in practice. These machines ordi- 
narily require forced ventilation, hence are usually enclosed 
as shown in Fig. 168. Since the rotors (fields) revolve so 
rapidly, they must be of very secure construction. Hence, 
for small and medium-capacity machines, the field structure - 
is frequently machined from a steel forging as shown in Fig. - 
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170. The field core for the large machines is assembled from 
dises cut from steel slabs or plates. 
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Fie. 173.—Showing an Electrical Machinery Company’s vertical 
waterwheel generator with a belted exciter. (See Fig. 172 for a sec- 
tional elevation of a generator of this type.) 


251. A Sectional View of a Vertical Water-wheel Genera- 
tor. as manufactured by The Electrical Machinery Company, 
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is shown in Fig. 172. The stator rests on a circular cast-iron 
base which carries a split, babbitted, self-oiling, steady bearing 
below the rotor. The vertical shaft is arranged to couple 
direct to the waterwheel shaft. A thrust bearing of the roller 
type which carries all of the revolving parts is at the top. 
This machine is shown installed in Fig. 173. 

252. The Electromotive Force in an Alternator is Generated 
as Suggested in Fig. 174.—As each field coil, D for instance, 
sweeps past the armature coils the lines of force from the field _ 
coil cut the armature coils. As coil D passes from A to C 
an alternating e.m.f. represented by the graph ABC will be 
generated in the armature. It should be understood that in 
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Fia. 174.—Armature and field structure developed. 


commercial alternators the armature coils are set in slots and 
differently arranged than in Fig. 174, which only illustrates a 
principle. For a simple but rather complete explanation of 
how and why alternating e.m.fs. are generated by alternators, 
see the author’s PracticaL ELEcTRICITY. 

253. The Relation Between the Speed, Frequency and 
Number of Poles of any Alternating-current Generator is ex- 
pressed by the following formulas: 


(21) f= pap (frequency) 
(22) = os “ f (number of poles) 
(23) T.p.M. = LADS t (speed) 


Pp 
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Wherein, f = frequency, in cycles per second. 1.p.m. = revo- 
lutions per minute of rotor. p = the number of field poles. 
A table will be found in the author’s Ammrtcan ELECTRICIANS’ 
Hanpsoox, showing the synchronous speeds for alternating- 
current generators for all of the commonly used number of 
poles from 2 to 100, and for frequencies of 25 to 133 cycles. 
See the author’s PracticaL Evecrriciry for a much more 
complete discussion of the subject of frequency. 


ExampLe.—What is the frequency developed by a two-pole alter- 
nating-current generator which is rotated at 3,600 r.p.m.? SoLtuTion.— 
Substitute in the above equation (21): f = (p X r.p.m.) + 120 = (2 
X 3,600) + 120 = 7,200 + 120 = 60 cycles per sec. 

Exampiye.—How many poles must a 25-cycle alternator which operates 
at 100 revolutions per minute have? Soxiutron.—Substitute in the 
equation (22): p = (120 Xf) +r.p.m. = (120 X 25) + 100 = 3,000 
+ 100 = 30 poles. 
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Fie. 175.—Single-phase armature windings. 


254. Single-phase Alternators.—The circumferential dis- 
tance from the center line of one pole to the center line of 
the next pole of the same polarity constitutes 360 magnetic 
degrees. See Fig. 174, which shows how a single-phase e.m.f. 
is generated. See the author’s Pracrican Exxcrricity for 
explanations of the terms “single-phase,” ‘‘two-phase” and 
“three-phase.” Fig. 164 is a diagrammatic illustration of a 
single-phase alternator and Fig. 175 shows, diagrammatically, 
two different kinds of single-phase windings. Single-phase 
alternators are seldom made now. If single-phase service is 
demanded the manufacturers furnish a three-phase machine 
instead and give it a single-phase rating equal to about 70 
per cent, of the three-phase rating. The single-phase load is 
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then carried on any two of the three leads of the three-phase 
generator. See ‘Three-phase Alternator” (Art. 258). 

255. A Table of Average Performance Values for Standard 
Two- and Three-phase Generators of capacities up to 2,000 
kva., will be found in the author’s AMERICAN ELECTRICIANS’ 
Hanpspoox. In this table are given the current values, the 
efficiencies at various loads and the exciter capacities ordi- 
narily required for 240, 480, 600, 1,200, 2,200 and 2,400-volt 
machines. 

256. Performance Guarantees on Alternating-current 
Generators are, in the United States, now practically al- 
ways made on the continuous rating (A. I. E. E. Std. Rule 
281)* bases. ‘That is, the generators are rated at the kilo- 
volt-ampere outputs at which they will operate continuously 
without excessive temperature rise. The maximum tem- 
perature rise specified is usually 50 deg. C. on the basis of a 
40-deg. C. reference, ambient} or “room” temperature. These 
temperature rises are based on operating the machines on 
normal excitation, voltage and frequency at a specified 
power-factor—usually 80 per cent. That is, the ‘‘normal” 
method of rating whereunder an overload—possibly 25 per 
cent. for two hours—was guaranteed, is no longer used by the 
leading manufacturers of electrical machinery. The above 
temperatures are all based on the thermometer method of 
observation. 

257. Two-phase Alternator.—In a generator of the type 
indicated in Fig. 176 the centers of the two component coils 
I and IJ are 90 electrical deg. apart and the single-phase 
electromotive forces generated in coils J and IT by the pas- 
sage of the field system past ther:, differ in phase by 90 deg. 
This property has given rise to the term quarter-phase for 
this type of machine, but it is more frequently called a two- 
phase machine. The electromotive force in coil I is zero 
when that in coil JJ is a maximum, and vice versa. The 


*"*4 machine rated for continuous service shall be able to operate continuously 
at its rated output without exceeding any of the limitations referred to in 260.” 

{ The ambient temperature (A. I. E, E. Std. Rule No. 303) is the temperature of 
the air or water, which in coming into contact with the heated parts of a machine, 
carries off its heat. See also Art. 47b. 
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curves of electromotive force in coils J and II may be 
plotted as indicated in Fig. 177. Fig. 178 shows two 
methods of connecting the armature windings of two-phase 
alternators. The armature coils can be arranged in one or 


Stationary ,¢ 
Armature -* 


Fic. 176.—Diagram for two-phase alternator. 


more slots per pole as diagrammatically suggested in Fig 
179. In commercial machines the windings are almost 
always arranged in more than one slot per pole. See the 
author’s PracticaL ELEctric- Curve of Current inane Set of Coils 
ry for further information in Gurve of Current. 
regard to two-phase currents. i 
258. Three-phase Alternator 
Coils are arranged as illustrated 
diagrammatically by coils I, II 
and III of Fig. 180, and the 
curves of instantaneous electromotive force are displaced 
from one another by 60 deg. as indicated in Fig. 181. This. 
arrangement of coils is really a six-phase grouping, and in 
connecting the winding for three-phase, the coils of one of 
the phases must be connected in the reverse sense from the 


. 
. 


Fie. 177.—Graphs of two-phase 
current. 


168 ELECTRICAL MACHINERY [ArT. 259 


other two. This will give the true three-phase arrangement 
in which the e.m.f. curves are as in Fig. 182. These curves 
One Setot Armature Corls 


\ OtherSerdo, External Circuit ; 
Common Return: fe 
ay Wire ¥ 
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Fia. 178.—Methods of connecting two-phase generator armature 
windings. 


Four- Wire System 


also represent the e.m.fs. for the winding in Fig. 183 with 
the three phases connected in the same sense. Here three 
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One Slot per Pole. Two Slots per Pole. 
Fic. 179.—Two-phase generator armature windings. 


coils are distributed over a double-pole pitch, and the phase 
displacement between the e.m.fs. is 120 deg. 
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Fig. 180.—Six-phase Fie. 181.—Graphs of instanta- 
grouping. neous electromotive forces. 


259. The Two’ Methods of Connecting Three-phase 
Armature Windings are shown in Fig. 184. These methods 
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are discussed in more detail in the author’s Pracrican 
Evecrriciry. Armature windings can be arranged in one 
or more slots per pole (Fig. 185). The Y method of con- 
nection is almost invariably 
used for modern three-phase 
generators. 

260. Exciters for Alternat- 
ing-current Generators are 
usually compound-wound, flat- 
compounded, and rated at 125 
or 250 volts. It is especially 
desirable that they be “stable,” ™"* Ha: aie three 
if direct-connected to the shaft 
of an alternator. By astable generator is meant one that does 
not have an excessive rise or fall in terminal voltage with a 
corresponding change in speed. Standard direct-current ma- 
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Fig. 183.—Diagram for three-phase, Y-connected alternator. 


chines of the desired rating are used where the exciters are 
separately driven. Separately-driven exciters are usually pref- 
erable for most applications on account of the fact that the 
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system is thereby rendered much more flexible; any drop in the 
speed of the alternator does not cause a corresponding drop in 
the exciter voltage, and the regulation of the plant as a whole 
is improved. Furthermore, if the exciter is not direct-con- 
nected, an accident to it will not necessitate shutting down 
the generator, assuming that there is a duplicate exciter set. 
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Fic. 184.—Methods of connecting three-phase armature coils. 


261. It Is Necessary That the Exciter Capacity be Ample 
to Provide Reserve Capacity—To make the exciter plant 
as reliable as possible, storage batteries are being installed in 
connection with the exciting generators in some plants in 
such a way that current may be furnished to the field circuits 
of the alternators, even though all rotating apparatus be at 


Py °2" Armature 


= Field 
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Fic. 185.—Three-phase armature windings. 


a standstill, As an example of the amount of reserve capacity 
that is sometimes installed: in the first power plant of the 
Niagara Falls Power Company four exciters are installed, 
each one having sufficient capacity to excite the entire plant, 
and each driven by its own turbine, fed by a separate penstock. 

262. Exciter Drives.—It is apparent that where separately- 
driven exciters are used the prime movers should be such 


: 
7 


Q 


ee 


and 186. Note that a quarter- 
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that the exciters may be started independently of the energy 
furnished by the alternators. Steam-, water-, or gas-driven 
units are necessary unless a storage battery or power from an 
external source is available for excitation of the plant when 
first starting up. With the bus-bars excited, motor-driven 
units may be operated and they are preferable in many cases. 

263. Exciter Capacity.—General figures for the capacity of 
an exciter for any machine run from 5 per cent. of the 
capacity of the alternator, for 
moderate speeds and small - Ly Nertical Water-Wheel 
sizes, to 0.5 per cent. of the al- Bovernor, ae 
ternator capacity, or a trifle Uy oe oa 
less, for large, high-speed, tur- pil | P pec coors 
bine units. Two per cent. is a 
a value commonly used in the 
absence of definite data. This 
is too low in a very few cases, 
but more often in error on the 
safe side. 

264. A Belt-driven Exciter 
for a Vertical Waterwheel 
Alternator is shown in Fig. 173 


o_o 
~Fly 


twist belt is used for driving [4=-=====>—=== 
the direct-current machine. A oe = 
sectional view of an alternator 2 
of the type shown in this illus- TTT 
tration is given in Fig. 172. Beg <7 Barth or Rock ~ 3B SEES 
265. Field Discharge ,,31%, 190545 cama ofa er 
Switches and Resistors should lation. 
be provided for automatically 
discharging the field circuits of alternating-current generators 
when the field switch is opened. If such provision is not 
made, the high e.m.f. of self-induction developed when the 
switch is opened, is liable to puncture and possibly ground 
the field winding of the machine. See Figs. 116 and 117 for 


information relating to field-discharge switches and resistors 


as applied to direct-current motors and generators. 
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266. Explanations of the Derivations of the Following 
Formulas and Rules will in most cases be found in the author’s 
PracticaL Evectricity. To explain here why the formulas 
given are correct would require considerable space and would 
in effect be a repetition of material which is treated rather 
fully in the other book just referred to. 

267. To Compute the Horse-power Required to Drive an 
Alternating-current, Single-phase Generator, on the Basis of 
its Kilovolt-ampere Output, the following equation may be 
used: 


_ kva.o X pf. ‘ 
(24) hp = FR 0.746 (horse-power) 
(25) tae = PETS (kilovoltnantpenety 
(26) pju= ELSES (power-factor) 
kva.o 
_ _kva.e X pf. ‘ 
2) He hepa 0.746 (efficiency) 


Wherein, h.p.; = the horse-power input to the generator. 
kva.. = the kilovolt-ampere output of the generator. pf. = 
the power-factor of the load which the generator is serving. 
E = the efficiency of the generator, for the conditions under 
consideration, expressed decimally. 


ExampLe,— What horse-power is required to drive a single-phase gen- 
erator which is delivering 625 kva. at 80 per cent. power-factor, it being 
assumed that the efficiency of the machine at this load is 90 per cent.? 
SoLution.—Substitute in equation (24): h.p. = (kva.. X pf.) + (E 
x 0.746) = (625 X 0.80) + (0.90 0.746) = 745 h.p. 


268. To Compute for an Alternating-current Single-phase 
Generator, Either the Horse-power required to Drive It, Its — 
Voltage, Current, Efficiency, Power Factor, When the Value 
for Only One of These Quantities is Not Known, one of the 
following formulas may be used: 


(28) hp. = Lx Xx Ps. 


Dot aa (horse-power) 
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hp«s X E X 746 


(29) E= Toca (volts) 
(30) = aa eee (amperes) 
(31) pf. = ane ve (power-factor) 
(32) E= Sar (eficienen) 


Wherein, h.p.; = the power input to the generator, in horse- 
power. H = the voltage impressed by the generator on the 
external circuit. J, = the current circulated in the external 
circuit by the generator. p.f. = the power-factor of the load 
on the external circuit, expressed decimally. E = efficiency of 
the generator, expressed decimally. 
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Fie, 187. ~ “What power in the generator taking? 


EXAMPLE.— What horse-power would be required to drive the single- 
phase generator of Fig. 187 with the conditions as there specified, it being 
assumed that under these conditions the efficiency of the machine is 84 
per cent., the e.m.f. impressed on the external circuit is 600, the current 
is 144 amp. and the power-factor of the load is 82 per cent.? SoLuTIoN. 
_—Substitute in equation (28): hpi= (ZF X Ih X pf.) +(E X 746) = 
- (600 X 144 X 0.82) + (0.84 X 746) = 113 h.p. That is, under these 
conditions the engine would have to deliver 113 h.p. at the generator 
pulley, P. — 


269. To Compute the Kilowatt Output of Any Alternating- 
current, Single-phase Generator, this equation may be used: 


oe EDs 


1,000 (kilowatts) 


\ (33) kw.o = 
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_ kw.o X 1,000 


(34) E= oe (volts) 
kw.. X 1,000 
(35) I, = ESC of. (amperes) 
_ kw.. X 1,000 
(36) pf. = FSS Ts (power-factor) 


Wherein, all of the symbols have the same meanings as in 
the above Articles except that kw.. = power output of the gen- 
erator in kilowatts. 

270. To Compute the Kilovolt-ampere Output, the Current 
or the Voltage of any Alternating-current, Single-phase Gen- 
erator one of the following formulas may be used: 


Bea , 
(37) kva.. = 1,000 (kilovolt-amperes) 
(38) B= ete ENN (voles 
A é 
(39) I, = vdeo X_ ue (amperes) 


Wherein, the symbols have the same meanings as above. 

271. To Compute the Kilovolt-amperes Output,.the Current 
or the Voltage of Any Three-phase, Alternating-current Gen- 
erator one of the following formulas may be used: 


(40) koa.g = EX Iz X 0.00173 (kilovolt-amperes) _ 

(41) pees Aau (volts) 
3 

(42) I3 = ae (amperes) 


Wherein, kva., = the output of the generator, in kilovolt-am- 
peres. H = thee.m.f.impressed by the machine between phase 
wires on the external circuit in volts. J; = the current, in 
amperes, in each of the three-phase wires, it being assumed 
for all of this notation that the load on the three phases is 
balanced. ; 


Examp.e.—What is the kilovolt-ampere output of the three-phase, 
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alternating-current generator of Fig. 188 when it is delivering, as shown, 
a current of 54 amp. in each of the three-phase wires and impressing on 
the external circuit a voltage of 2,200? SoLuTion.—Substitute in equa- 
tion (40): kva.. = HE X Is X 0.00173 = 2,200 < 54 X 0.00173 = 205.5 
kva. 


272. To Compute for a Three-phase, Alternating-current 
Generator, Either the Horse-power Required to Drive It, the 
Kilovolt-ampere Output, the Power Factor or the Efficiency, 
When the Value for Only One of these Quantities is Not 
Known, one of the following formulas may be used: 


(43) hpi = ees acest (horse-power) 
(44) kva.. = Es <= a HE (kilovolt-amperes) 


Noltmeters 
meee 2200 pS 


/ 
Ammeters” 


three: ~Phase, Alternating 


Read 54 Amp Current Generator 
Fig. 188.—Example in computing Kva. Output of a three-phase 
generator. 
h.p.. X E X 0.746 
cs : ower-factor 
_ (45) pf. Bee (p ) 
kKvG.n X pf. A 
= —— efficiene 
mo) erp 0.746 ( y) 


Wherein, all of the symbols have the same meanings as in the 
above articles except that kva.. = the kilovolt-ampere output 
of the generator. 


Exampiy.—A three-phase generator has a full-load rating of 600 kva. 
When delivering full-load kilovolt-amperes to the load at 80 per cent. 
power-factor, what horse-power would be required to drive this machine, 

assuming that its efficiency is 90 per cent.? Sonurion.—Substitute in 
equation (43): hpi = (kva.o X pf.) + (E X 0.746) = (600 x 0.80) + 
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(0.90 X 0.746) = 715 h.p. Therefore, under these conditions it would 
require 715 h.p. to drive the generator. 


273. To Compute for Any Alternating-current Generator, 
Either the Kilowatt Output, the Voltage, the Current or the 
Power Factor, When the Value for Only One of These Quan- 
tities is Not Known, one of the following equations may be 
used: 


(47) kw.cc= EX Is & pf. X0.00173 (kilowatts) 
(48) eee ee (volte, 
(49) ine Poe (ampenen 
(50) are wie 7 (powentaciae 


Wherein, all of the symbols have the same meanings as speci- 
fied above except that kw., = the output of the generator in 
kilowatts. 

274. To Compute for Any Three-phase Generator, the 
Horse-power Required to Drive It, Its Voltage, Current, 
Efficiency or Power Factor, When the Value of Only One of 
These Quantities is Not Known, one of the following formulas 
may (it being assumed that the electrical load is equally 
balanced between the three phases) be used: 


(51) hp. = eae (horse-power) 
(52) = eee is . i (volts) 
(53) i= ee Re (amperes) 
(54) pf. = ee OP st (power-factor) 
(55) E= jo rae cefficionay 


Wherein, h.p.1 = the power input to the generator, in horse- 
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power. H = the e.m.f. in volts impressed by the machine be- 
tween phase wires on the external circuit. J; = the current 
circulated by the machine in each of the three-phase wires. 
p.f. = power-factor of the load served by the generator. E = 
efficiency of the machine, expressed decimally, for the condi- 
tions under consideration. 


Exampuie.—What horse-power input would be required at the pulley, 
P, of the three-phase generator shown in Fig. 189 when the machine is 
- impressing 2,200 volts on the external circuit and circulating a current 
of 23 amp., it being assumed that the power-factor of the load is 85 per 
cent. and that the efficiency of the generator is 90 per cent.? SoxuTron. 
—Substitute in equation (51): h.p.i = (HX I3 X pf.) + (E X 480.7) = 
(2,200 X 23 X 0.85) + (0.90 X 430.7 = 111 h.p. 
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Fig. 189.—Size engine required to drive a three-phase alternating-cur- 
rent generator. 


_ 275. To Find the Size Engine Required to Drive an Alter- 
nating-current Generator the same general procedure may be 
followed as that used in ascertaining the engine capacity for 
direct-current machines, which is described in Art. 51. How- 
ever, with an alternating-current generator it must be re- 
membered that the kilovolt-ampere rating of the machine must 
be multiplied by the power-factor of the load which will be 
served in order to ascertain the power load in kilowatts. One 
of the preceding equations can be used in determining the 
horse-power necessary at the generator pulley or shaft to pull 
a given electrical load. In the author’s AMERICAN ELEC- 
TRICIANS’ HANDBOOK are given tables showing the actual ef- 
ficiencies of commercial alternating-current generators. It 
should be noted (see Art. 253) that with alternating-current 
generators the speed is determined by the number of poles on 
the generator and by the frequency which it is desired to 


produce. 
12 


SECTION 7 


MANAGEMENT OF ALTERNATING-CURRENT 
GENERATORS 


276. In the Management of Alternating-current Generators 
many of the principles already discussed in Sec. 2, ‘‘ Manage- 
ment of Direct-current Generators,” apply. In general, the 
alternators should receive the same care in regard to oiling 
(Art. 76), cleanliness and general attention as do direct-cur- 
rent dynamos. The reader is advised to review Sec. 2. 

277. Synchronizing.*—Two or more alternating-current 
generators will not operate in parallel unless (1) their voltages, 
as registered by a volimeter, are the same; (2) their frequencies 
are the same; and (8) their voltages in phase. If the machines 
are not in phase, even if their indicated voltages and their 
frequencies are the same the voltage of one will, at given in- 
stants, be different from that of the other and there will be ~ 
an interchange of current between the machines. . When two 
or more generators all satisfy the three above requirements 
they are ‘‘in step” or in synchronism. Synchronizing is the. 
operation of getting machines into synchronism. Incandes- 
cent lamps or instruments are, as described in other para- 
graphs, used for indicating when machines are in synchronism. 

278. Synchronizing a Single-phase Circuit with Lamps.— 
The Elementary Principle involved in determining synchronism 
is indicated in Fig. 190. If the voltage and frequency of gen- 
erators A and B are the same and the machines are in phase, 
point a will be at the same potential at every instant as will 
point a’. Hence the lamps between a and a’ will not light so 
long as the three conditions are satisfied. So long as the 

* For a complete discussion of the various methods, and for.diagrams of all synchron- 
izing circuits in common use for both lamps and synchroscopes see ELECTRIC JOURNAL, - 


articles by Harold Brown, May, 1912, and July, 1912. The material on this subject 
herein is largely from these articles, 
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conditions are not satisfied there will be a fluctuating cross- 
current from ato a’ and a constant fluctuating of the brilliancy 
of the incandescent lamps. When the lamps become dark and 
remain so, the generators are in synchronism and may be 
thrown together. Had the connection at a’ been made to the 
b’ generator lead, the lamps would be bright when the genera- 
tors were in synchronism, but for reasons outlined in another 
paragraph the connection shown which provides the ‘‘dark 
lamp”’ method of synchronizing is preferred. The second 
pair of lamps between 6 and b’ is provided to insure against 
accident in case the a-a’ set were broken. The same condi- 
tions occur in the a—a’ set as in the b-bd’ set. A voltmeter of 


Fig. 190.—Circuits for synchro- Fig. 191.—Circuits for syn- 


nizing with lamps. chronizing high-voltage circuits 
with lamps. 


proper rating can be substituted for the lamps. Where the 
voltage generated is so high that it is not desirable to connect 
a sufficient number of lamps in series for it, a single pair of 
lamps fed through voltage transformers can be used for syn- 
chronizing, is suggested in Fig. 191. 

279. Phasing Out.—Prior to connecting the leads from a 
polyphase generator (which is to operate in parallel with 
others) to the generator switch, the circuits must be ‘phased 
out.” That is, the leads must be so arranged that each lead 
from the generator will, when the generator switch is thrown, 
connect to the corresponding lead of the other generator. If 
this is not arranged there may be considerable damage done 


> due to an interchange of current when the two machines are 
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paralleled. After once phasing out it is necessary to syn- 
chronize but one phase of the machine with the corresponding 
phase of the other machine. 

280. Connections for Phasing Out Three-phase Circuits are 
shown in Fig. 192. If voltage transformers are not used the 
sum of the voltages of the lamps in each line should be ap- 
proximately the same as the voltage of the circuits. On 440- 
volt circuits, two 220-volt or four 110-volt lamps should be 
used in each phasing-out lead. To phase out, run the two 
machines at about synchronous speed. If the lamps do not 


Voltage Transformer 


With Voltage Without Voltage 
Transformers. Transformers.. 


Fra. 192.—Connections for phasing out three-phase ‘ circuits. 


all become bright and dark together, interchange any twe 
of the main leads on one side of the switch, leaving the lamps 
connected to the same switch terminals, after which the lamps 
should all fluctuate together, indicating that the connections 
are correct. The machines are in phase when all the lamps 
are dark. 

281. The Synchronizing Connections for More Than Two 
Three-phase Generators are shown in Fig. 193 although only 
two machines are illustrated in this diagram. A synchroniz-— 
ing plug may be used instead of the single-pole synchronizing 
switch shown. The illustration indicates the connections used 
where machines are to be synchronized to a bus. Where only 
two machines are to be synchronized, the connections are the - 
same as shown in Fig. 193 except that the bus transformer — 


é 
; 
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and the corresponding lamp are omitted and one plug or syn- 
chronizing switch is required instead of two. 

282. Synchronizing Dark or Light.—Synchronizing dark 
appears to be the preferable method. All the connections 
shown in this book are for “synchronizing dark.” When the 
lamps are “dark” the machines are in phase and it is neces- 
sary to close the switch when the variation in light is the 
slowest obtainable or ceases altogether, that is, at or just be- 
fore the middle of the longest dark period. Should a filament 
break, the synchronizing lamps would remain dark and thus 
apparently indicate synchronism and possibly cause an acci- 
dent. Therefore, it is considered desirable by some to reverse 


Fig. 198.—Connections for synchronizing three-phase circuits where 
transformers are required. 


the synchronizing circuit connections and thereby synchronize 
“light.” Synchronizing light eliminates the danger due to 
the breaking of a filament, but has the disadvantage that the 
time of greatest brilliancy is difficult of determination. The 
“light”? period is relatively long compared with the dark 
period, so that synchronizing light is usually considered the. 
more difficult and were it not that with the “synchronizing 
light”? method the danger due to filament breakage is elimi- 
nated, the method would never be used. The probability of 
a filament breaking justat the time of approaching synchronism 
and when the machines are not in phase is remote. If it 
occurs at any other time in the operation it will be noticed. 
As a protection against accidents due to such breakage, two 
synchronizing lamps should always be placed in multiple. 
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283. The Number of Lamps to Use in a Group to Indicate 
Synchronism is determined by the voltage of the generators. 
With high-voltage circuits it is not feasible to use a sufficient 
number of lamps, so a transformer is then employed (Fig. 193) 
that has a voltage sufficient for a 110-volt lamp. See the 
diagrams. The greatest voltage impressed on the lamps is 
double that of the voltage transformers or generators. ‘Thus 
the maximum voltage on the lamps where two 220-volt gen- 
erators are being synchronized is 440 volts. The dark period | 
may be shortened by impressing a voltage higher than their 
normal on thelamps. For two 220-volt machines, for example, 
three 110-volt lamps might be used. 

284. Synchroscopes are instruments that indicate the dif- 
ference in phase between two electromotive forces at every 
instant. They show whether the machine to be synchronized 
is running fast or slow and indicate the exact instant when 
the machines are in synchronism. ‘The companies which man- 
ufacture the instruments furnish literature describing the 
theory involved and which gives complete circuit diagrams. 

285. While for Successful Parallel Operation, it is not neces- 
sary that alternating-current generators (Fig. 194) be of the 
same type, output, and speed, it is universally conceded that 
the question of wave shape or form is important, since if'the 
waves are of different shapes, cross-currents will always, be 
present. Similar wave shapes are more readily obtained with 
machines of similar type. Satisfactory parallel operation, the 
previously mentioned conditions being fulfilled, consist in ob- 
taining: (1) Correct division of the load among the machines; 
and. (2) Freedom from hunting. 

286. Division of Load.—Machines with similar character- 
istics tend to divide the common load uniformly. Such a pro- 
portional load division may be disturbed if the steam supply 
to the engines is defective or variable from any cause. The — 
steam supply is regulated by the engine governors, and defects 
in one or more of these governors will give rise to poor load 
division. It is essential that the governors of all the engines. 
shall have similar speed-regulation characteristics so that a ~ 
sudden change in the load shall cause the same amount of 
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regulation on each engine. Correct load division is, therefore, 
essentially a problem of engine governor design. It is some- 
times arranged to govern all the engines from a common 
throttle valve, but this plan is not often employed. A more 
usual plan consists in running all the machines except one, with 
their stop valves full open and their governors fixed, so that 
the remaining engine may take up any variations in the com- 
mon load. 
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Fia. 194.—Internal-combustion engine-driven alternator, operating in 
parallel with steam-engine driven machine, Shreveport, La., plant of the 
Southwestern Gas and Electric Company. (Exiecrric Wortp, July 4, 
1914, page 37.) 

287. Varying the Voltage of an Alternator Running in Par- 
allel With Others by Adjusting Its Field Rheostat Will Not 
Vary the Load on It as With a Direct-current Generator.— 
To increase the energy delivered by an alternator it is neces- 
sary that the prime mover be caused to do more work. An 
engine should be given more steam or a waterwheel more 
water. : 

288. Adjustment of Field Current.—When the rheostats of 
two alternators, running in parallel at normal speed, are not 
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adjusted to give a proper excitation, a cross-current will flow 
between the armatures. The intensity of this current depends 
only upon the difference in field excitation of the machines. 
It may vary over a wide range, from a minimum of zero when 
both field excitations are normal, to more than full-load cur- 
rent when they differ greatly. The effect of this cross-current 
is to increase the temperature of the armatures and, conse- 
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Fria. 195.—Two three-phase alternators of similar characteristics operat- 
ing in parallel. 


quently, to decrease the output of the generators. It is im- 
portant that the rheostats be so adjusted as to reduce it to a 
minimum. ‘This cross-current registers on the ammeters of 
both generators and usually increases both readings. The 
sum of the ammeter readings will be a minimum when the 
idle or cross-current is zero. 

In general, the proper field current for a machine running 
in parallel with others is that which it would have if running 
alone and delivering its load at the same voltage. In order - 
to determine the proper position of the rheostats it is neces- 
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sary to make trial adjustments after the alternators are par- 
alleled, until that position is found at which the sum of the 
alternating-current ammeter readings is a minimum. 


ExampLe.—To illustrate this method consider two similar alternators, 
A and B, Fig. 195, operating in parallel. When the generator field 
rheostats of both are properly adjusted no cross-currents will flow through 
the armatures and the main ammeters (A, A, and A) will show equal 
readings if each machine is receiving the same amount of power from its 
prime mover. If the rheostat of A be partly cut in so as to reduce its 
field current, a cross-current, lagging in B and leading in A, will flow 
between the armatures, the effect of which will be to strengthen A’s 
magnetization and weaken B’s until they are approximately equal. The 
resultant e.m.f. of the system will thereby be lowered. 

On the other hand, if the rheostat of B be partly cut out so as to in- 
crease its field current, a cross-current leading in A and lagging in B 
will flow between the armatures, strengthening A’s magnetization and 
weakening B’s magnetization until they are again equal. The resultant 
e.m.f. of the system will thereby be raised. A cross-current of the same 
character is, therefore, produced by decreasing one field current or in- 
creasing the other, 7.e., in both cases it will lead in the first machine and 
lag in the second machine. The e.m.f. of the system will, however, be 
decreased in one case and increased in the other. 

It is obvious that by simultaneously adjusting the two rheostats, the 
strength of the cross-current may be varied considerably and the e.m.f. 
of the system maintained constant. 

For the first trial adjustment cut in A’s rheostat several notches and 
cut out B’s the same amount, so as not to vary the e.m.f. of the system. 
If this reduces the sum of the main ammeter readings, continue the 
adjustment in the same direction until the result is a minimum. After 
this point is reached a further adjustment of the rheostat in either 
direction will increase the ammeter readings. If the first adjustment 
increases the sum of the ammeter readings it is being made in the wrong 
- direction, in which case move the rheostats back to the original positions 
and then cut out A’s rheostat and cut in B’s. If both adjustments 
increase the sum of the ammeter readings the original positions of the 
rheostats are the proper ones. 


In making these adjustments of the rheostats it may be 
found difficult to locate the exact points at which the cross- 
current is a minimum, as it may be possible to move the rheo- 
stats over a considerable range when near the correct positions 
without materially changing the ammeter readings. When 
the adjustment is carried this far, it is close enough for prac- 


186 ELECTRICAL MACHINERY [ArtT. 289 


tical operation. If the generators are provided with power- 
factor meters, the same result may be obtained by adjusting 
all these to read the same. 

289. Hunting* is a term employed to describe the oscil- 
lations of the revolving masses of the machines when they are 
accelerated and retarded above and below the normal average 
speed. If this hunting or swinging be allowed to exceed a 
certain amount, the regulation of the machines becomes un- 
stable and they may break out of step. Freedom from cumu- 
lative hunting is consequently essential. The swinging action 
is set up primarily by variations in the rotative speed resulting 
from irregularity in the turning force. A perfectly uniform 
turning moment or turning force cannot be obtained with 
reciprocatingengines. The irregularity in the turning moment 
during a revolution results from the following causes: (1) 
Defective distribution of steam in cylinders. (2) Short con- 
necting rod. (3) Inertia of moving parts. 

If one of two machines running in parallel momentarily lags 
behind the other, its armature receives a current which tends 
to pull the machine into phase and accelerate it so that at 
the instant it reaches the correct phase position its speed is a 
little greater than that of the other machine, which is now in 
turn accelerated. The machines are now alternately lagging 
and leading with relation to one another. In other words, 
hunting is set up. 

Whichever engine is, for the instant, accelerating, will have 
its steam supply cut down by the governor. If the governor 
is too sensitive, it will over-govern, cutting down the steam 
and the speed too far. An instant later, the over-governing 
will be in the opposite sense, and this process will repeat itself. 
Similar occurrences will simultaneously be taking place on the 
other engine, and thus we have a case of hunting governors. 
By this hunting, the steam supply is rendered periodic and ~ 
varies between two limits. 

290. Surging is the term used to designate the current 
variations during hunting. The case above described is an 
instance of hunting in the governors due to change of load and . 
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to over-sensitiveness of the governors. If, however, the gov- 
ernors are sluggish, a time interval elapses between an acci- 
dental acceleration and its correction by the governor. This 
lag will, in response, tend to set up hunting. 

291. Prevention of Hunting.—The variations in turning 
moment and angular speed may be greatly reduced by the 
use of a heavy flywheel, as this tends to keep the rate of 
revolution uniform by virtue of storing energy and giving it 
out again during the course of each revolution. The flywheel, 
however, must not have too great a moment (that is, it must 
not be too big) as it adds to the inertia of the moving parts 
and may prolong hunting if once started. Hunting may some- 
times be overcome by damping the governor so that it shall 
not respond to small and quick variations in speed such as 
occur during one revolution, but shall only respond to steady 
and continued changes in speed. This result is obtained by 
fitting each governor with a suitable dash pot so’that. it is 
rendered more sluggish and will make no alteration in the 
steam supply except when the force acting on the governor 
is continued for some length of time. 

292. Liability to Hunt May Sometimes Be Prevented by 
Synchronizing the Engines so that the cranks on all the 
engines are in step, and the variations in turning moment are 
coincident in all the engines. This plan is sometimes effec- 
tive, so far as the prevention of hunting in the generating 
station is concerned, but it cannot always be utilized owing 
to the time taken to get the cranks in step, especially as an 
engine must be run up in a few minutes when the load is 
coming on quickly. It also is apt to intensify the hunting of 
the apparatus in distant substations. With steam turbine-_ 
driven generators, this hunting difficulty is rare—practically 
unknown—and the use of high and uniform speeds facilitates 
the problem of parallel running. 

293. The Tendency of Generators to Hunt May Be Mini- 
mized by fitting the pole-pieces of the field magnets with 
copper bands or “ dampers” (see Fig. 240) in which eddy cur- 
rents are induced by the shifting and distortion of the field. 
These currents react on the field and oppose the shifting and 
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thus damp the oscillations. A suitable construction consists 
of agrid of copper embedded in the poleface. It isveryseldom 
necessary to provide such ‘‘dampers”’ on pole-pieces of genera- 
tors for modern steam-engine or waterwheel drive. They 
are usually necessary for internal-combustion engine-driven 
generators. 

294. To Start a Single Alternator.*—(1) See that there is 
plenty of oil in the bearings and that the oil rings are free to 
~ turn and that all switches are open. (2) Start exciter and - 
adjust for normal voltage. Start generator slowly. See that 
the oil rings are turning. (3) Permit the machine to reach 
normal speed. ‘Turn the generatcr field rheostat so that all 
of its resistance is in the field circuit. Close the field switch. 
(4) Adjust the rheostat of the exciter for the normal exciting 
voltage. Slowly increase the alternator voltage to normal by 
cutting out the resistance of the field rheostat. (5) Close the 
main switch. 

295. To Start an Alternator to Run in Parallel with Others. 
—(1) Bring the exciter and generator to speed as described in 
the above paragraph. Adjust the exciter voltage and close 
the field switch, the generator field resistance being allin. (2) 
Adjust the generator field resistance so that the generator 
voltage will be the same as the bus-bar voltage.. (3) Syn- 
chronize, as outlined in Art. 277. Close the main switch. 
(4) Adjust the field rheostat until cross-currents (Art. 288) | 
are a minimum and adjust the governors of the prime movers 
so that the load will be properly distributed between the oper- 
ating units in proportion to their capacities. 

296. To Cut Out a Generator Which is Running in Parallel 
with Others.*—(1) Preferably cut down the driving power 
until it is just sufficient to run the generator with no-load. 
This will reduce the load on the generator. (2) Adjust the 
resistance in the field circuit until the armature current is a 
minimum. (3) Open the main switch. It is usually sufficient, 
however, to simply disconnect the machine from the bus- 
bars, thereby throwing all the load on the remaining machine 
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without having made any previous adjustment of the load or 
of the field current. Caution.—The field circuit of a generator 
to be disconnected from the bus-bars must not be opened before 
the main switch has been opened; for, if the field circuit be 
opened first, a heavy current will flow between the armatures. 


SECTION 8 


PRINCIPLES, CONSTRUCTION AND CHARACTERISTICS 
OF INDUCTION AND REPULSION MOTORS 


297. The Principle of Operation of the Induction Motor is 
illustrated in Fig. 196, which indicates diagrammatically a 
two-phase revolving-field generator and a two-phase induction 
motor having a rotor that is simply a bar of iron. The in- 
duction motor depends for its operation on a rotating magnetic 
field. There is no electrical connection between the revolving 
and stationary parts of an induction motor. Windings of the 
types shown in the illustration are not used in commercial 
machines, but the general theory involved is the same as with 
commercial windings. The revolving field (see illustration) of 
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Fields. 
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Fre. 196.—Illustrating the principle of the induction motor. 


the generator, in turning in the direction shown by the arrow, 
generates a two-phase current which is transmitted to the 
motor. For a more extended explanation of the operating 
principles of induction motors see the author’s PRACTICAL 
Evectrriciry. What then occurs may be explained thus: 


EXxPpLANATION.—The current, in conductors of one phase, magnetizes 
poles A and B and that in the other phase the poles Cand D. The wind- 
ing is so arranged that a current entering at A will at a given instant 
produce a south pole at A and a north pole at B. At the instant shown 
at I, the motor poles A and B are magnetized while poles C and D are 
not, because it is a property of a two-phase circuit that when the current 

190 


Src. 8] INDUCTION AND REPULSION MOTORS 191 


in one of the phases is at a maximum value, the current in the other 
phase is at a zero value. Hence, the bar iron rotor will assume the 
vertical position shown. 

At another later instant, represented at JJ, the currents in both of 
the phases are equal and in the same direction; the motor poles will 
be magnetized as shown and the rotor will be drawn into the position 
indicated. At the instant illustrated at JI, because of the properties 
of two-phase currents, there is no current in the phase the conductors of 
which are wound on poles A and B, but the current in the phase the 
conductors of which magnetize poles C and D, is a maximum. Hence 
the rotor is now drawn into a horizontal position. Similar action occurs 
during successive instants and the rotor will be caused to rotate in the 
same direction within the motor frame so long as the two-phase current 
is applied to the motor terminals. Considering it in one way, the rotat- 
ing magnetic field rotates within the motor frame and drags the rotor 
around with it. 

The magnetic attraction or drag exerted on the rotor in a simple motor 
built as illustrated would be pulsating in effect, hence the torque exerted 
by such a motor would not be uniform. 


298. Commercial Induction Motors operate, because of the 
principles outlined in Art. 299, but their construction is consid- 
erably different from that shown in Fig. 196. In commercial 
induction motors the stator or primary winding is distributed 
over the entire inner surface of that portion of the stator 
structure which is of laminated iron and which conducts the 
magnetic flux. The rotor consists of a laminated iron cylinder 
which has a winding of insulated wire or of copper rods or 
bars embedded in slots uniformly spaced around the periphery 
of the core. Where bars or rods are used they are short-cir- 
cuited at both ends by heavy copper conductors forming a 
completely short-circuited rotor. 

299. In the Commercial Induction Motor the Magnetic 
Field of the Rotor Which Reacts on the Magnetic Field of 

‘the Stator is Produced by Currents in the Rotor Conductors. 
—These currents are generated by the rotor conductors being 
cut by the lines of force of the rotating field which was de- 
seribed in a preceding paragraph. Consider a polyphase in- 
duction motor with its rotor at rest. Now connect a source 
of the proper polyphase current to the motor terminals thereby 
energizing the stator winding. A rotating magnetic field will 
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be produced by the stator winding. As this magnetic field 
swings around within the stator structure it will cut the copper 
bars imbedded in the surface of the rotor. Currents will 
thereby be induced in the bars and these currents will gen- 
erate magnetic fields around and within the rotor. Due to 
the interaction between the rotor and stator magnetic fields, 
rotation of the rotor will be produced. 

It is, therefore, evident that the turning speed (revolutions 
per minute) of the rotor can never be quite equal to that of. 

the rotating magnetic field as 

there must always be a suffi- 
cient difference in speed or 

“slip” (Art. 317) that the 

rotor conductors will be cut 

by the lines of force of the 
rotating field. Obviously, if 
the rotor speed were the same 
as that of the revolving field, 
no lines of force could be cut 
by rotor conductors and there 
_ would not be sufficient mag- 
netic interaction between the 
stator and rotor fields to pro- 
duce rotation of the rotor and 
pullaload. The intensity of 
the current induced in the 

Fra. 197.—Sectional elevation of seers oe prev cl oes the 
a Westinghouse, vertical, induction torque, is determined by the 
cement-mill, motor (220 volts, amount of “slip”? between the 
fee oes 00 cycles), rotor and the rotating mag- 
netic field. The greater the torque required, the greater will 
be the slip. 

300. Special Alternating-current Motors of various types 
are manufactured. Examples of these are the types adapted 
for paper mill, textile mill, cement mill, (Figs. 197 and 198) 
mining and other purposes. The vertical cement-mill motor 
illustrated is manufactured in capacities of from 75 to 200: 
h.p. and operates at 940 r.p.m. 
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301. General Characteristics of Polyphase Squirrel-cage 
Induction Motors.—Their speed is practically constant at all 
loads. Hence they are used for constant-speed service where 
starting and reversing are infrequent. The starting torque is 
relatively small and a large starting current, 2 to 6 times full- 
load current, depending on the design of the motor, is drawn 
from the line if the motor must start full-load torque. Simple 
and rugged construction is a feature of these motors, the bear- 
ings being the only parts subject to wear. Since there are no 
sliding electrical contacts there 
can be no sparking and the 
motors are, therefore, particu- 
larly suitable for operation in 
places where there are inflam- 
mable gases or dust. 

If the resistance of the rotor 
be increased the motor can be 
built, in the smaller capacities, 
for high starting torque, rapid 
acceleration, and frequent star- 
ting. Motors built thus can be 
profitably used for operating 
punches, shears and the like, 
where simplicity of control is 
desirable, as with them a large | 
Be peed procures uta Ree 1 ee 
slight increase in torque, per- cement-mill motor. 
mitting the stored energy in 
the flywheel to be delivered to the machine when a heavy load 
occurs. In this respect such an induction motor resembles a 
compound-wound direct-current motor. Ifthe torqueimposed 
on any induction motor reaches 2 to 4 times full-load torque 
the motor will stop or “pull-out.” See Art. 313. Since the 
output and torque of an induction motor varies as the square 
of the applied voltage it is desirable to maintain the voltage 
at normal value. 

302. The Electrical Behavior of the Polyphase Induction 
* Motor on the input side is the exact electro-magnetic equivalent 
13 
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of a stationary transformer with a large amount of magnetic 
leakage between the primary and the secondary coils. On its 
output side the polyphase induction motor is the exact electro- 
mechanical equivalent of the continuous-current shunt-wound 
motor with a large value of “armature reaction.” The con- 
necting link between the output and the input sides is the 
magnetic field, which may be considered as two or more super- 
posed magnetic fields stationary with reference to each primary 
coil but alternating in value at the supply frequency, or it 
may with equal accuracy and convenience be considered as 
a single resultant field, of practically constant strength, but 
revolving in space with reference to the primary circuit. 

303. Factors Affecting the Performance of the Induction, 
Motor.*—The greater the maximum output or breaking-down 
point in a given size of motor, the poorer its efficiency, power- 
factor, etc.,at normalload. To get excellent all-round results it 
is desirable to choose a reasonable value for the maximum output 
ofthemotor. Thecharacteristicsinteresting to a purchaser are: 

1. Efficiency, that is, the ratio of the energy given out by 
the motor to the energy put in. 

2. Maximum output, that is, the greatest horsepower that 
the motor will carry without unduly slowing down, or perhaps 
stopping altogether. 

3. Current taken at the instant of starting, sometimes called 
impedance current. When -.the switch is closed, impressing ~ 
e.m.f. on an induction motor, there is (unless provisions are 
adopted to prevent it) a rush of current which may cause dis- 
turbances of voltage on the line to which the motor is con- 
nected, thus giving occasion for complaints, especially if the 
circuit is supplying lights. If no lights are on the circuit, the 
disturbance may extend to other motors on the circuit, causing 
trouble with them. 

4. Current Taken when Running without Load.—With an in- 
duction motor, the field is produced by a current drawn from 
the line through the same wires that supply the energy. This 
current, called the magnetizing or wattless current, lags behind 
the electromotive force, and pulls down the voltage of the © 
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circuit, from which it flows, to a much greater extent than does 
an energy current, so that it is desirable to have as small a 
magnetizing current as possible. For a well-designed station- 
ary motor for ordinary purposes, this no-load current should 
be not over 30 per cent. of the total full-load current. . 
5. The power-factor, see the author’s PracticaL ELEcTRICcITY, 
which is the ratio of the component of the current, represent- 
ing energy, to the total current flowing into the motor (the 
total current being the resultant sum of the energy current and 
the magnetizing current). Thus, in a motor taking 1,500 watts 
per phase (about 2 h.p.), at 100 volts per phase with a mag- 
netizing current of 6 amp. per phase, the total current per phase 
flowing into the motor is found approximately as follows: 


1,500 
100 


Exampie.—Let 1, 2, Fig. 199, equal the electromotive force applied 
to the phase; let 1, 5 represent, in direction and in length, the energy 
component of the current, and 1, 4 
the magnetizing current; then line 4 ------=------5 6 
1, 3 represents the total current, or Magnetizi 
resultant of the.currents 1,4 and1, “7”? 
5. This combination of currents is "Energy component 5 2 
characteristic of alternating circuits. Fig. 190\-—Phase elstienteeee 
That is, currents combine directly rents in an alternating-current 
only when in phase. When not in motor. 
phase, their resultant is obtained _ 
with the parallelogram of forces, as shown with 1, 4 and 1, 5 in Fig. 
199. The power-factor, therefore, is the ratio of the line; 1, 5 to 1, 3, or 
the ratio of the energy component of the current to the total current and 
this can be roughly estimated as shown. 


- 304. Loss of Efficiency of an Induction Motor at Reduced 
Speeds.*—When an induction motor is operated at reduced 
speeds by increasing the slip, as by increasing the secondary 
resistance or decreasing the primary voltage, the efficiency is 
lowered by an amount nearly proportional to the speed reduc- 
tion, as expressed by the formula: 
100 — Sz 
(57) Es = Ei(i9q—s,) 


” = Westinghouse Electric & Mfg. Co. InstRucTION Book. 


2 
(56) Total current = «/6? + ( ) = 16 amp. 


(efficiency) 
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in which E, = the efficiency of the motor when running at a 
given torque and a slip S;. E, = the efficiency when the 
motor is developing the same torque but with a different slip 
Ss, efficiencies and slips being expressed in per cent. 


EXAMPLE.—Suppose a given 60-cycle, 8-pole motor with a synchronous 
speed of 900 r.p.m. has a normal full-load speed of 855 r.p.m. (slip 5 per 
cent.) and an efficiency of 90 per cent., the efficiency at 810 r.p.m. (slip 
10 per cent.) with full-load torque will-be: 


100° — 10 90 
sapere aay 


= 90 X —ca"86.2 iu 
100 — 6 * 95 ae 


305. Effect of Changes in Voltage and Frequency on Induc- 
tion-motor Operation.*—Some variations from normal voltage 
and frequency are generally permissible with any induction 
motor, but such variations are always accompanied by changes 
from normal performance. With either the voltage or the 
frequency differing from normal the following performance 
changes must be expected: 


Conditions Power-factor Torque Slip 
Voltage high Decreased | Increased | Decreased 
Voltage low Increased | Decreased | Increased 
Frequency high | Increased | Decreased | Per cent. slip un- 

changed. 
Frequency low Decreased | Increased | Per cent. slip un- 
changed. 


Usually a variation of either voltage or frequency not ex- 
ceeding 10 per cent. is permissible, and within this limit the 
efficiency remains approximately unchanged. ‘The voltage and 
frequency should not be varied simultaneously in opposite 
directions, that is, one decreased and the other increased. If 
an induction motor must operate on frequency other than stand- 
ard, the performance will be better if the voltage is changed 
in proportion to the square root of the frequency. Thus a 400- 
volt, 60-cycle motor operating on 6624 cycles will have very © 

*B. G. Lamme, N.E.L.A. Convention, Niagara Falls, June, 1897. 
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nearly its normal operating characteristics if the voltage is 
raised to: 400 X »/662g + 60 = 420 volts. Decreasing the 
voltage much below normal is seldom permissible on account of 
resulting increased temperature rises. An increase in the fre- 
quency results in a considerable reduction in the maximum 
load which an induction motor can carry. 

306. Tables of Performance Data for Polyphase Induction 
Motors of standard capacities ranging from 14 to 200 h.p., are 
given in the author’s AmMericAN ELEctricians’ HANDBOOK. 
In these tables are shown the synchronous speeds, per cent. 
slips, approximate full-load speeds, full-load currents, starting 
currents, starting torques, efficiencies and power-factors for 
the motors of the various ratings and standard voltages. 

307. Performance Guarantees on Alternating-current 
Motors are now usually made on the so-called ‘‘normal”’ basis. 
However, it is probable that all motors made in this country 
will shortly be rated on the continuous (Art. 47a) basis. The 
normal rating usually given these motors specifies that they 
will operate continuously at their horse-power rated (name- 
plate) outputs with a temperature rise not to exceed 40 deg. 
C. and furthermore that they will operate at a 25 per cent. 
overload for two hours with a temperature rise not to exceed 
55 deg. C. All of the above temperature rises are based on 
a “‘room” or ambient (Art. 47b) temperature of 25 deg. 
C. 

808. Characteristics of Polyphase Induction Motors Having 
Wound Rotors and Internal Starting Resistance.—Motors of 
this type of the ordinary design give about 114 times full-load 
torque with approximately 114 times full-load current, making 
them suitable for use on lighting circuits and for other applica- 
tions where a minimum starting current is desirable. In gen- 
eral, motors of this type are not built in capacities exceeding 
200 h.p. because of the mechanical difficulties encountered in 
arranging the internal resistance. 

309. Compared with the Squirrel-cage Motor, One with a 
Wound Rotor and internal resistance will develop a greater 
starting torque per ampere, but it should not be used for ap- 
plications involving great inertia or excessive static friction. 
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If used for such applications, full starting current may be re- 
quired for a considerable period before the apparatus attains 
full speed. Since the capacity of the internal resistance is 
small, excessive temperatures may result and cause trouble. 
310. Characteristics of Polyphase Slip-ring or Wound-rotor 
Induction Motors Having External Starting Resistance.— 
These motors have insulated wire or bar windings on the rotor 
and are provided with collector rings whereby an external 
resistance can be connected in the rotor circuit. The speed 
of the motor can be varied by varying the amount of external — 
_resistance in the rotor circuit. ‘These motors may be used in 
moderate and large capacities for nearly all variable-speed ap- 
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Fia. 200.—Typical performance Fig. 201.—Performance graphs 

graphs of a 20-h.p., three-phase in- of the motor shown in Fig. 202, 
duction motor. when running single-phase. 


plications. They are also used for constant-speed applications 
where the starting current must be low. The motors operate 
with characteristics similar to those of direct-current motors 
having resistance in the armature circuit. When the external 
resistance is short-circuited, the motors really become squirrel- 
cage machines and operate with the characteristics of such 
machines. 

311. Characteristic Graphs of the Induction Motor.—Those 
of Fig. 200 are fairly typical of the average commercial in- 
duction motor. It will be noted that the normal rating of the 
motor is taken at such a point that both the power-factor 
and the efficiency.are the highest possible. The motor could 
be so designed that either the power-factor or the efficiency, 
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but not both, could be higher than shown at normal load, 
but the design of an induction motor is a compromise result- 
ing in the best efficiency and power-factor obtainable with suit- 
able overload and starting characteristics. Fig. 201 shows the 
curves of the same motor running single-phase. 

312. The Torque Graphs of an Induction Motor with a 
Wound Rotor, from rest to synchronism, running both three- 
phase and single-phase with resistance and without resistance, 
are shown in Fig. 202. Graph A shows the torque from rest 
to synchronism without resistance in the rotor circuit. If 
resistance is inserted, graph B is obtained and the starting 
torque is 440 lb. against 170 lb. without resistance. It should 
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Fre. 202.—Torque graphs of a 30- Fic. 203.—Torque graph of a 1- 
h.p. induction motor. h.p., three-phase induction motor, 
running single-phase. 


be noted that the ‘‘ pounds torque” values given in the graphs 
of Figs. 202 to 205 represent the pounds torque at a 1-ft. 
radius and are, therefore, equivalent to ‘‘pound-foot torque. 
See Art. 238. Graph C indicates the torque where too much 
resistance is used in the rotor. Graph F illustrates the 
torque single-phase, which is zero at starting. An induction 
motor starts as shows on graph B until it reaches the point 
F, when the resistance is cut out and the motor adjusts 
itself to its operating position at G. Thus, if the torque re- 
quired of the motor for which the graph is shown, is greater 
than 440 lb., shown at H, the motor will break down and 
come to rest. With the resistance in the rotor, a starting 
torque of 440 lb. is available, but this load cannot be brought 
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up to normal speed. The motor can only bring the torque 
represented by the point F, in other words 290 lb., up to 
normal speed. 

In Fig. 203 it will be noted that the torque of a three- 
phase motor running single-phase at starting is zero, rising to 
a maximum and reaching zero at synchronism. This means 
that an induction motor never runs at synchronous speed. 
The three-phase motor, Fig. 204, starts with a reasonable 
torque, reaches its maximum output and goes to zero again 
at synchronism. 

Figs. 204 and 205 show the torque curves of squirrel-cage 
motors without resistance in the rotor circuit. With resistance 
inserted in the armature, the torque is greater at starting and 
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fia. 204.—Torque graph of a 20- Fria. 205.—Torque graph of a 1- 
h.p., three-phase induction motor. h.p., three-phase induction motor. 


less later. This is the reason that it is advantageous to in- 
troduce resistance at starting and cut it out as synchronism | 
is approached. 

313. The Pull-out Torque of an Induction Motor.—All in- 
duction motors will “pull out” at some certain torque if they 
are overloaded. The “‘puil-out” limit—the maximum torque 
that can be developed—is that point at which further increase 
in torque will cause the motor speed to decrease rapidly and 
then to stop. This point is usually at between 2 and 4 times 
the full-load rated torque, depending on the design and the 
capacity of the motor. See the typical induction-motor curve, 
Fig. 200. 

314. Starting Torque and Starting Current of Alternating- 
current Motors.*—In what follows the starting torque is ex- 

*F. D. Newbury, N. E. L. A. Convention Paper, 1911. 
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pressed in terms of the full-load torque, and the starting cur- 
rent in terms of the full-loadcurrent. 'Thesmaller values given 
for synchronous motors cover the requirements of motor-gen- 
erator sets and air compressors and pumps when the apparatus 
can be started without load. The larger values refer to 
motors for driving pumps and fans, which must be started 
under practically full-load conditions. The wide variation in 
the starting current comes from differences in construction of 
the motor or differences in the proportions of the motor, since, 
by increasing the size and cost of synchronous motors, the 
starting performances can be materially improved. 

SINGLE-PHASE INDUCTION MOTORS, WITH CLUTCH, SPLIT-PHASE 
STARTER.—Starting torque, 1 to 114, starting current, 41% to 6. 

SINGLE-PHASE INDUCTION MOTORS, WITHOUT CLUTCH, SPLIT- 
PHASE STARTER.—Starting torque, 2; starting current, 314 to 
Als, 

POLYPHASE INDUCTION MOTORS, CAGE-WOUND TYPE, AUTO- 
TRANSFORMER STARTER.—Starting torque, 2; starting current, 
7 to 8. 

POLYPHASE INDUCTION MOTORS, WOUND-ROTOR TYPE, STEP- 
BY-STEP RESISTANCE STARTER.—Starting torque, 1; starting 
current, 114. Starting torque, 2; starting current, 214. 

SYNCHRONOUS MOTORS, AUTO-TRANSFORMER STARTER.— 
Starting torque, 0.3 to 0.5; starting current, 144 to 244. 
Starting torque, 0.7 to 1; starting current, 4 to 8. 

ROTARY CONVERTERS, AUTO-TRANSFORMER STARTER.—Start- 
ing torque, 0.2; starting current, 114. Starting torque, suffi- 
cient to start itself. 

315. The Relations Between Speed, Frequency and Number 
of Poles of an Alternating-current Motor of the Synchronous 
or Induction Type follows from the equation for alternating- 
current generators given in Art. 253. For synchronous motors, 
these equations of Art. 253 are correct, but for induction motors 
which do not, when loaded, operate at synchronous speeds, 
the following formulas should be used: 


_ 120 Xf X (1.00 — s) 
e p 


(58) r.p.m (speed) 
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pX rp.m. 


(59) f= 120 x (1.00 — 5) (frequency) 
ay _ pxXxr.p.m. ‘ 

(60) s = 1.00 120 Xf (slip) 

(61) a) 2 es i ee 7! (number of poles) 


Wherein, f = frequency in cycles per second. 1.p.m. = revo- 
lutions per minute of rotor. p = number of poles. s = the 
slip, expressed decimally. The method of determining slip is 
described in Art. 317. In the author’s AMERICAN ELECTRI- 
c1ANs’ HANDBOOK will be found a table showing the per cent. 
slip at full-load for 25- and 60-cycle motors of the commonly 
used capacities and speeds. 

ExampLe.—What will be the speed of a 6-pole, 60-cycle, induction 
motor at full-load, if its full-load slip is known to be 7 per cent.? 
SoLution.—Substitute in the equation (1): r.p.m. = (120 X f x [1.00 
— s]) + 6 = (120 X 60 X [1.00 — 0.07]) + 6 = 6,696 + 6 =1,116r.p.m. 

316. Speed Regulation of Induction Motors. Slip.—The 
speed regulation is the percentage drop in speed between no- 
load and full-load based on the maximum speed; it is usually 
called the ‘“‘slip.” The “‘slip” at full-load is usually about 5 
to 7 per cent. At other loads it is approximately proportional 
to the load, therefore, at twice full-load the drop in speed will 
be approximately 10 to 15 per cent. Refer to the author’s 
AMERICAN ELEcTRICIANS’ HANDBOOK for a table showing the 
slips to be expected from commercial induction motors. 

317. The Slip of an Induction Motor is the ratio of the 
difference between the rotating magnetic-field speed (revolu- 
tions per minute or angular velocity) and the rotor speed to 
the rotating magnetic-field speed. The speed of the rotating 
magnetic field is equivalent to the synchronous speed (Art. 
253) of the machine (see table of synchronous speeds in the 
AMERICAN ELEctTRICIANS’ HANDBOOK) which is determined by 
the frequency of the current and the number of poles of the 
machine. Then: 


_ synchronous speed — actual speed 
synchronous speed 


(62) Slip 
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When there is no load on a motor the slip is very small, 
that is, the rotor speed is practically equal to the synchronous 
speed. 


Exampie.—What is the slip at full-load of a 4-pole, 60-cycle induction 
motor which has a full-load speed of 1,700 r.p.m. Soiution.—From 
formula 23 the speed of the rotating field or the synchronous speed of 
a 4-pole, 60-cycle motor is 1,800 r.p.m. Then substituting in the above 
formula: 


gina sync. speed — act. speed __ 1,800 — 1,700 2100 
S sync. speed - =-1,800 1,800 


Therefore the slip is 5.5 per cent. The voltage of the motor or whether 
it is single-phase, two-phase, or three-phase are not factors in the 
problem. 


318. The Induction Motor Inherently a Constant-speed 
Motor. The Regenerative Feature.*—A characteristic of the 
induction motor is that it tends to rotate at a definite syn- 
chronous speed irrespective of whether the motor is driving or 
being driven, providing there is no starting resistance in the 
rotor circuit. For illustration, when a load is being lowered 
and the motor is connected to a source of energy, it acts as an 
alternating-current generator, the descending load furnishing 
the driving power. The motor delivers energy to the line. 
When load is being raised the motor absorbs energy from the 
line. This returning of energy to the line by a motor is termed 
regeneration. Consider an installation where cars loaded with 
ore are lowered down a slope on arailroad and the empty cars 
are hoisted back. The motor delivers about as much power 
to the line when lowering as it consumes when hoisting, with 
the result that practically no energy is consumed in operating 
the system. The proof of this is that the watt-hour meter 
for such an installation runs backward about as much as it 
runs forward. 


= 5.5 per cent. 


Exampie.—Another interesting example is a balanced passenger hoist 
wherein the passenger cars run over varying grades and sometimes one 
is loaded, at other times the other is loaded. The cars, when equipped 
with induction motors connected to a source of energy, run at a practi- 
cally uniform speed without the use of brakes, whether the load overhauls 
the motor or not. This characteristic will not obtain if starting resist- 
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ance is included in the rotor circuit, for then the motor will slow down 
when it is delivering power to the cars and will operate at an overspeed 
if the cars are delivering power to the motor. 

819. To Compute Either the Horse-power Output, Current, 
Voltage, Power-factor or Efficiency of any Three-phase, Al- 
ternating-current Motor, the other quantities being known, 
one of the following formulas may be used: 


(63) h.p.o = Hs X fee ee (horse-power) 
(64) := ree NE (volts) 
(65) = i . oes (amperes) 
(66) pf. = pis Me (power-factor) 
(67) Bie COMET (eficienee 


Wherein, h.p.. = power output of the motorin horsepower. E3 
= voltage between any two of 
the three wires of the balanced 
three-phase system. J3 = cur- 
rent, in amperes, in each of the 
three wires of the three-phase 
P system. p.f. = power-factor of 
the motor, expressed decimally. | 
E = efficiency of the motor, ex- 
Fic. 206.—Example in deter- pressed decimally. 


ee eres: output of s Examp.Le.— What will be the horse- 


power output of a 220-volt, three- 
phase induction motor, Fig. 206, if its efficiency at full-load is known 
to be 87 per cent., its full-load power-factor 85 per cent., and its full- 
load current 88 amp.? Sotution.—Substitute in equation (63): 
h.p.o = (Es X Is X p.f. X E) + 430.7 = (220 X 88 X 0.85 X 0.87) + 
430.7 = 14,316.72 + 430.7 = 33.2 h.p. 

ExampLe.—The three-phase induction motor shown in Fig. 207 is 
known to be delivering 50 h.p. at the pulley, P. The impressed e.m.f. 
is 440 volts. The power-factor at this load is known to be 86 per cent. 
and the efficiency 90 per cent. What current is being taken by the . 
motor under these conditions? So.turion.—Substitute in equation (65): 


‘Ammeters 
Read 88 Amp»GE=> 


Voltmeters” 
Read! 220-Volts 
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Is = (h.p.o X 430.7) + (Zs X pf. X E) = (50 & 430.7) + (440 x 0.86 
X 0.90) = 21,535 + 340.56 = 63.2 amp. 

Exampie.—The full-load output of the 220-volt, three-phase induc- 
tion motor shown in Fig. 208 was found by the Prony brake test to be 
35 h.p. Under these conditions the efficiency was 88 per cent., and the 
motor took 88 amp. in each of the three-phase wires. What was its 


Voltmeters 


Driven Machine, 
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-- Three-Phase Motor M 
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le Efficiency = 90 Jo 
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Fic. 207.—Example in computing current taken by three-phase motor. 


power-factor under these conditions? SoLution.—Substitute in equation 
(66): pf. = (h.p.o X 430.7) + Us X Es X E) = (35 X 430.7) + (88 
xX 220 X 0.88) = 15,074.5 + 17,036.8 = 0.884. Hence, the power- 
factor of this motor at 35 h.p. is 88.4 per cent. 

77 Three-Phase Induction 


Mofor, Delivering 35 hpatan 
Efficiency of 88 per cent 


Noltmeters 
{Read 220 Vr 
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Fra. 208.—Example in determining by test the power factor of a three- 
three-phase induction motor. 


320. To Compute Either the Horse-power Output, Current, 
Voltage, Power-factor or Efficiency of any Two-phase Alter- 
nating-current Motor, the other quantities being known, the 
following formula, or one derived from it, may be used: 


MX Lo KD 
(68) h.p.o = 373 
Wherein, all of the symbols have the same meanings as in Art. 
319, except that H. = (for a four-wire, two-phase system), 
voltage between phase wires, and (for a three-wire, two-phase 
system) = 0.707 X voltage between each phase wire and the 
neutral. 


(horse-power) 
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322. Single-phase Motors of the types ordinarily manufac- 
tured and used in power practice may be arbitrarily classified 
into four different groups as shown in Table 321. No at- 
tempt is made herein to consider single-phase railway motors. 
Other classifications can be made which may, for some pur- 
poses, be preferable to the one shown. No generally adopted 
standard of classification is available at present. However, 
it is understood that the Electric Power Club and other 
electrical societies codperating in an endeavor to compile a 
classification of single-phase power motors which will, doubt- 
less, ultimately be adopted as a standard classification in 
this country. 

323. A Single-phase Induction Motor pure and simple 
(classification la in 321) develops no starting torque when 
its rotor 7s not revolving. However, if the revolution of the 
motor is started by some means or other, there is a certain 
interaction of magnetic fields whereby there is exerted on the 
shaft a continuous turning effort. While a single-phase in- 
duction motor may be started by hand by giving the rotor a 
twist, obviously, such a method of starting a motor is not 
feasible for commercial machines; hence others, whereby the 
motor can be started automatically, are adopted in practice. 
All of these methods of automatic starting (except that using 
a shading coil, Art. 330) involve electromagnetic interactions 
of some sort which occur—with the so-called straight induc- 
tion motors—only during the starting period. In this dis- 
_ cussion, when a straight single-phase induction motor is 
referred to, the term is used to designate one with a squirrel- 
cage rotor. After the motor is started it then operates as 
a single-phase induction motor, pure and simple. These 
methods of starting may be classified thus: (1) split-phase 
method; (2) shading coil. 

324. In the Split-phase Method of Starting a Single-phase 
Induction Motor, the motor (Figs. 209, 210, 211 and 212) is, 
in practice, provided with two distinct windings called the 
starting and the running windings (A and W, respectively, 
Fig. 211). Thestarting winding circuit isso arranged that it has 
considerably more inductance, resistance or capacity—usually 
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resistance—than had the running winding. Furthermore, the 
starting winding is displaced in the stator by 90 electrical 
degrees, as shown in Fig. 211, from the running winding. Due 
to the excess of inductance, resistance or capacity the current 
in the starting winding will differ 
considerably in phase from the 
current in the running winding. 
Because of this condition, and of 
the relative positions of the two_ 
windings, a rotating field is pro- 
duced in the motor during the 
starting period, somewhat simi- 
lar to the rotating field produced 
in a two-phase induction motor. 
325. In Practice the Running 
Winding, Figs. 211 and 212, usu- 
Fic. 209.—Typical construc- @lly consist. of a considerable 
tion of a split-phase-starting, number of turns of large wire, 
Saee ere ace MOLOF. well distributed over the stator. 
Practically all of the split-phase motors on the market use a 
starting-winding circuit of highresistance. Hence, thestarting 
winding, ordinarily consists of fine wire, thus giving this wind- 
ing a high resistance. In fan motors of some designs an in- 
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Fie. 210.—A disassembled view of a split-phase-starting motor. 


ductance coil mounted in the base of the motor is connected in 
series with the starting winding to provide the necessary induc- 
tance. The running winding remains in circuit at all times - 
when the motor is not in operation. But the starting winding 
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remains in circuit only until the speed of the rotor approaches 
synchronous speed. When thisspeed is attained then the rotor 
winding should be cut out, an automatic centrifugal switch (Fig. 
212 and Fig. 211, S:, S2) operates. This opens the starting cir- 
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I-Diagram F 
Fia. 211.—Diagrammatic representations of ‘“straight’’ single-phase 
induction motor. 


cuit and then the motor continues to operate as a squirrel- 
cage induction motor, solely by virtue of its running winding 
and circuit and its squirrel-cage rotor. In small single-phase 
induction motors of certain manufacture, the squirrel-cage 
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Fig. 212.—Single-phase-motor diagram. 


element is arranged in the stator and the running and starting 
windings are arranged on the rotor. 
326. The Principle of the Split-phase Method of Starting 


ig illustrated in Fig. 213, which shows an explanatory diagram 
re Cae 
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and not a commercial motor. In starting one of these motors, 
first the main switch, M, is closed, which excites the running 
winding, W. However, with only this running winding ex- 
cited, the motor will not, of itself, start, but if now the start- 
ing switch S is closed, which energizes the starting winding, 
A, which has in series with it the resistance, R, the rotating- 
field effect referred to above is thereby produced in the machine 
and the rotor will commence to 
revolve. When the motor 
attains aspeed which approaches 
synchronous speed, the switch 
S may then be opened and the 
motor will continue to operate as 
an induction motor. 

327. The Split-phase Method 
of Starting Induction Motors is 
Used Only for Motors of Small 
Capacity.— Most of the induction 
fan motors and the fractional 
\ horse-power motors employ this 
| method of starting. However, 
| the repulsion method of starting 
(Art. 336) is now being used to 
some extent for starting frac- 
tional horse-power motors be- 
cause of the more desirable star- 
Squirrel-Cage Rotor) ting characteristics which it 

Fig. 213.—Straight” single- affords. 

Ree an external 398. As to the Starting 

Torque, Starting Current and 
Speed Regulation of Single-phase, Phase-splitting-starting In- 
duction Motors, they are suitable for applications for which the 
starting torque required is not over 150 per cent. of full-load 
torque. The starting current for a motor designed to develop 
150 per cent. full-load torque is approximately 550 per cent. 
of full-load current. The maximum torque is from 200 to 250 
per cent. of the full-load torque. The speed regulation. 
from no-load to full-load is good—better than with the 
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polyphase motor. In general, however, the efficiency, pow- 
er-factor and maximum torque are not as good as in cor- 
responding polyphase motors. They are suited only for 
driving machinery requiring relatively small starting torque. 

329. The Condenser-compensator Method of Starting 
Single-phase Induction Motors (Fig. 214) is an example of 
the split-phase method of starting whereby permittance or 
capacity (capacitance) is introduced in the starting circuit. 
The rotor is of the squirrel-cage type. Two terminals (Fig. 
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Fie. 214.—A_ single- Fia. 215.—Diagrams of split-phase- 
phase, self-starting induction starting single-phase motors ultiliz- 
motor with a condenser start- ing capacity in the starting circuit. 
Ing arrangement. 

215), Ai and B, of the stator winding, which is esentially simi- 
lar to a standard three-phase winding are connected to the 
supply mains. The third terminal, C1, of the stator wind- 
‘ing is connected to the line through a transformer as shown 
in I or through an auto-transformer (or compensator), as 
shown in JJ. The main to which the lead, Li or Ls, from the 
transformer or auto-transformer is connected is determined 
by the direction of rotation desired. A condenser or per- 
‘mitter, P:, is also connected across the auto-transformer, as 
shown in the illustration, to provide permittance or capacity. 
The motor is started with both switches, M and S, closed, but 


a 
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when it has attained a speed approaching synchronism, 
the starting winding is cut out (by operating the switch, S) 
and the motor then continues to operate on the running wind- 
ing only. This method, which is due to Steinmetz, is seldom, 
if ever, now used commercially but is of theoretical interest. 
330. The Shading-coil Method of Starting Induction Mo- 
tors is illustrated in Figs. 216 and 217. The face of each 
pole of a machine which has been designed to be started by 
this method has arranged in it a small short-circuited copper- - 
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bar winding called a shading coil, which encircles a portion of 
the pole. When the alternating flux passes through the pole, 
it induces a current in the shading soil, S, Fig. 217, which, by 
virtue of Lenz’s law, tends to oppose the flux in portion B, — 
which produces it. The result is that the flux in the “un- 

shaded” portion of the pole, A, Fig. 217, attainsits maximum at 
a different time than does the flux in the “shaded” portion B. 
Furthermore, as A and B are also space displaced against each 
other, the result is that a field, which approximates in its effect » 
the rotating field of a polyphase motor, is produced, but this 


. 
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“shifting” field is not as effective as that developed in split- 
phase machines. The method has the further disadvantage 
that the shading coil is always in position on the pole and 
that it involves an energy loss so long as the motor is in opera- 
tion. However, the method is applied only in machines o 
very small capacity, such as fan motors, so that the energy 
loss is not a matter of great consequence. The use of this 
method is constantly decreasing. 

331. Performance Data for Single-phase Induction Motors 
of capacities of from 1 to 50 h.p. will be found tabulated in 
the author’s AmeRIcAN Exrcrrictans’ Hanppoox. The 
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Fic. 218.—The compensated induction motor (Wagner type BK). 


Il-Connection Diagram 
efficiencies, per cent. slip, pull-out torque and also the effi- 
ciencies and power-factors at various loads are there given. 
332. A Compensating Winding on an alternating-current 
motor (C, Fig. 218) is, as the term is used herein, a winding the 
function of which is only to improve the power-factor of the 
current taken by the machine. Thus, the power-factor of an 
alternating-current motor, may, by the addition of a suffi- 
ciently powerful compensating winding be raised from lagging 
to unity power factor or to leading power factor, if desirable. 
All uncompensated alternating-current motors draw lagging 
current from the line. This means that they require greater 
currents than are actually necessary for the production of power 
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which they develop. But by using a suitably-designed com- 
pensating winding it is possible to raise the power-factor of the 
motor current to unity and thereby proportionately decrease 
the current required for the production of the power. 

333. A Neutralizing Winding, as the term is here used, is 
one the main function of which is to neutralize armature reac- 
tion. Hence, if a neutralizing winding is placed on a machine 
it will increase its output over that of the same machine with- 
out the neutralizing winding and incidentally it will improve — 
the commutation. . 
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Fic. 219.—A Wagner compensated induction single-phase motor. 


334. The Compensated Induction Motor (classification 10, 
Table 321) Figs. 218 and 219, is essentially a squirrel-cage- 
rotor induction machine to which have been added, on the 
stator, a compensating winding and, on the rotor, a direct- 
current armature winding and commutator. Brushes and 
connections for the compensating winding are provided as 
shown in Fig. 218 and also there are provided a pair of short- 
circuited brushes, #; and EH», which contribute partly to the . 
mechanical output of the machine. These brushes H, and 
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EF, and the connecting bar between are not essential to the 
machine’s operation, but they increase its efficiency. The 
feature of machines of this type that has brought them into 
use is that they operate with good power-factor under all load 
conditions. They have the further advantage that, except in 
starting, practically all of the work is done by virtue of the 
squirrel-cage winding; hence, the brushes and commutator 
carry little load current, commutation difficulties are mini- 
mized, the life of the commutator is increased and its size 
decreased. 

The squirrel-cage winding consists of copper bars, C (Fig. 
218, IZ) wedged in the bottoms of the slots in the rotor. A 
“magnetic bridge,’ I, of iron, is arranged above the squirrel- 
cage-bar winding and then the commutating winding—similar 
to a direct-current armature winding—is placed in the slot 
above the bridge. Fig. 218 shows the connections as they 
exist after the machine has attained running speed. While 
the machine is starting, the compensating winding is not in 
use because its circuit is then held open by a centrifugal 
switch which is located within the casing S, Fig. 219. These 
machines as manufactured by the Wagner Electric Manu- 
facturing Company have a starting torque equal to 114 to 2 
times full-load torque. Their starting current is about 3 times 
full-load current. When the machine is in running connection, 
the full-load power-factor is about unity. The adjustment of 
the compensating winding is so made that at full-load the 
power-factor is approximately unity, while at no-load it is 
usually appreciably leading. 

335. The Straight Repulsion Motor (classification 2c, Table 
321) has, as illustrated in Fig. 220, an armature which is like 
that of a direct-current machine. Short-circuiting brushes, 
FE, and F;, inclined at an angle to the axis of the stator winding 
are provided. A machine of this type has in general the same 
speed torque characteristics as a direct-current series motor, 
that is, high-starting torque with a very small starting current 
and rapidly decreasing torque with increasing speed. The 
power-factor of this machine increases with increasing speed 
and near synchronous speed attains a value which is higher 
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than usually obtained in straight induction motors. These 
motors are used principally for constant-torque applications, 
namely, for printing-press drives and also for other drives for 
which series direct-current motors are adaptable, such as for 
fans and blowers. They have been successfully applied for 
hoist service. As with the series direct-current motor, the 
speed of these machines can be varied by varying the im- 
pressed voltage or by shifting the brushes. The direction of 
- rotation of a straight repulsion motor can be changed by the 
addition of a suitable reversing switch or reversing winding or 
by shifting the brushes to the reverse side of the neutral. 
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Fie. 220.—Repulsion motor. 


336. The Repulsion-induction Motor (classification 2d, 
Table 321), Figs. 221 and 222, is like the straight repulsion 
machine except that in addition it has a compensating winding 
as shown in the diagram. The energy brushes, #; and Es, 
have approximately the same angular position in relation to 
the stator winding as the energy brushes of a straight repul- 
sion motor. These machines have, in addition to the energy 
brushes, a second set of brushes, Ci and C2, called the com- 
pensating brushes, which are connected in series with the 
compensating winding. The motors have a starting torque 
equal to about 214 to 3 times full-load torque with ap- 
proximately twice full-load current. The maximum torque 
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is from 3 to 314 full-load torque. The power-factor (due 
_ to the corrective action of the compensating winding) is very 
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Fie. 221.—Diagrams of the repulsion induction single-phase motor. 


(The brushes #; and £,4in JJ should be slightly inclined in the clockwise 
direction from the vertical, instead of being in a vertical line as shown.) 
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Fia. 222.—Phantom view showing construction of the General Electric 
Company Type RI, Form C, single-phase, repulsion-induction motor. 


high at all loads but the efficiency of this machine is lower 
than that of the induction motor. Single-phase motors of this 
type are well adapted for loads involving heavy starting torque 
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and sudden overloads. They have the disadvantages of hav- 
ing commutators which carry the total armature current. 
They can be arranged for variable speed service as shown 
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Fig. 223.—Variable-speed repulsion-induction, single-phase motor and 
controller. ‘ 


in Fig. 223 by the insertion of a rheostat in series between 
the energy brushes. They can also be arranged for reversing 
service as indicated in Fig. 224 by the application of a revers- 
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Fic. 224.—A repulsion-induction motor arranged for reversing service. 
(Throwing the reversing switch: (1) reverses the connection between the 
compensating winding and the compensating brushes, (2) reverses the con- 
nections between the reversing field winding and the main winding.) ‘ 


ing field and a suitable reversing switch. The characteristic 
performance graphs of machines of this type are shown in 
Fig. 225. . 
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337. If a Variable-speed Single-phase Motor is Required, 
some modified form of repulsion-induction motor (Fig. 223) 
can be used. Also, the series motor (Fig. 233) and the re- 
pulsion motor (Fig. 220) may be applied for this service by 
using a rheostat or an auto-transformer in the line for vary- 
ing the voltage impressed on the motor terminals. The 
behavior of such motors is similar to that of the variable-speed 
wound-rotor multiphase-induction motor with resistance in 
series with the rotor. They are consequently, owing to their 
unstable speed characteristics, suited only to such applications 
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Fig. 225.—Typical performance graphs for a single-phase, repulsion- 
“induction motor. (General Electric Co., Type RJ, Form C.) 


as require a steady horse-power at given speeds. Their 
' characteristics as regards starting torque, etc., are unchanged 
when used for variable speeds. The speed-regulating resist- 
ance (R, Fig. 223) is in one type of motor inserted in series 
with the brushes which are normally short-circuited and the 
insertion of additional resistance decreases the speed. 

338. Repulsion-starting-and-Induction-running, Single- 
phase Motors (classification 3, Table 321), Fig. 227, are now 
probably used for power service to a greater extent than 
those of any other type. As would be inferred from its name 
(Fig. 228) the motor starts as a repulsion but operates as an 
induction machine. ‘The rotor, Fig. 229, is exactly the same 
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as the armature of a direct-current motor. It is provided 
with form-wound coils and a commutator. The number of 
brushes used is the same as would be used with the corre- 
sponding direct-current motor with the same number of poles, 


(%,.--Lifting Eye — : 


ake 
s 
3s 
£ - 
ee 
S 
8 


(De 
s 


">~Slide Ralis@ 9 


Fia. 227.—Showing the external appearance of the Wagner, Type BA, : 
repulsion-starting-and-induction-running motor. 


Fic. 226.—Kimble single-phase motors. In Von preceding page 
is shown the control used for the cylinder-printing-press motors. By 
using two control handles and an auto-transformer, 30 over-lapping 
speed steps are obtained. The handles, H, as shown in the picture, are in 
the position of maximum speed, impressing 110 volts on the motor. 
By utilizing the auto-transformer control, the same outfit can be used 
either on 110 or 220-volt circuits. On a 220-volt circuit, the line wires 
are connected to terminals LZ; and Lz and on a 110-volt circuit to T 
and 6. This motor (and also that shown in VIJI use a fixed-brush 
setting. That is, the brushes are not shifted for speed control. The 
motor of V and also that of VI can be used only on constant-torque 
loads. In VJ isshown the ideal diagram for the job-printing-press motors, 
while in VJJ is illustrated the method of their application. Speed con- 
trol is obtained by shifting the brushes. In VJ/JJ theadjustable-speed 
motor is shown. ‘The speed is controlled with an auto-transformer 
whereby the e.m.f. impressed on the line terminals M and N is varied. 
The speed is maintained constant at any given speed within the range of 
the motor by the action of the centrifugal governor G which opens and 
closes the main circuit, motors of this type are made in capacities of 1.6 
to2.5h.p. All of the Kimble-Company motors are of the compensated- 
series type and employ a neutralizing winding to neutralize armature 
reaction N. ‘This winding also improves the power-factor, 
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but in the alternating-current machines all of the brushes are 
connected together electrically by the metal rocker arm which 
supports them. The stator, which has only one winding, is 
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Fria, 228.—Illustrating the principle of the repulsion-starting, induction- 
running, single-phase motor. 


supplied with single-phase current. There is no electrical 
connection (Fig. 228) between the stator and the rotor. The 
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Fig. 229.—Sectional elevation of the Wagner Type BA repulsion-start- 
ing-and-induction-running motor. 


currents in the stator create an alternating flux which reacts — 
on the rotor and induces its rotation. When the speed of the 
rotor approaches synchronous speed, a centrifugal device of 
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-tator short-circuiting device of the Wagner repulsion-starting-and-induc- 
tion-running motor. 


224 ELECTRICAL MACHINERY [Art. 339 


some description short-circuits the commutator bars (Fig. 228, 
II and Fig. 230) and simultaneously pushes the brushes away 
from the commutator. Thus the motor is transformed into 
an induction machine having what is essentially a squirrel- 
cage rotor. Typical performance graphs are shown in Fig. 
231. The machine is inherently a constant-speed motor. The 
applications of the repulsion-starting-and-induction-running 
motor are about the same as those for which a direct-current 
constant-speed shunt motor is ordinarily used with the excep- 
tion that the repulsion induction motor has a much greater 
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Fra. 231.—Typical characteristic curves of the repulsion-starting, 
induction-running motor of the general type illustrated in Fig. 228 
(Peerless Electric Co.). 


starting torque (Fig. 232) than the corresponding shunt motor 
and that it is not adaptable for adjustable-speed service. 
339. The Series Single-phase Motor (classification 4, Table 
321) comprises, Fig. 233, merely an armature of the same 
construction as any direct-current armature in series with a — 
field winding. In fact, any direct-current series motor will 
operate on single-phase alternating current but if the machine 
is of such a capacity that it requires considerable current, 
commutation difficulties will be encountered. Furthermore, | 
for alternating-current work the stator core should be lami- 
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Fic, 232.—Typical starting torque and starting current graphs for 
repulsion-starting, induction-running, single-phase motors (Century Elec. 
Co.). Nots.—Motors of standard construction and rating will be found 
capable, when the voltage and frequency for which they are wound and 
adjusted is maintained, of bringing a load up to speed equal to at least 
114 of their rated capacity. When connected directly across the line 
(which is the usual manner of making the installation), they will develop, 
at the moment of starting, approximately two and one-half times full- 
load torque and take approximately two and one-half times full-load 
current. By the time the motor has reached one-quarter speed, the 
torque will have increased to approximately five times full-load torque 
and the current decreased to double full-load current; from that speed 
both torque and current gradually drop to normal as the motor increases 
in speed. By the use of a resistance starter, full-load starting torque 
may be secured with approximately one and one-quarter times full-load 
current under the most favorable conditions. In commercial practice 
the starting current may be expected to be around one and one-half 
times full-load current. 
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Fria. 233.—Diagrams of the series, single-phase induction motor. (The 
so-called “universal”? motor.) 
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nated. However, for motors of small capacity where the 
currents are of low intensity, the commutation difficulties are 
not unsurmountable, hence small single-phase series motors 
are being manufactured and used successfully in capacities of 
less than 1 h.p. The important commercial example of this 
type of motor is the so-called “universal”? motor which will 
operate on either direct- or alternating-current circuits. It 
is used for fans and small appli- 
ance motors and electric drills, 
where the manufacturers in send- 
ing out the motor may not know 
whether the ultimate purchaser 
will have available either alter- 
nating or direct current. These 
are variable-speed machines, 
that is, they have (approxima- 
tely) the speed-torque charac- 
teristics of a direct-current series 
motor. 

340. To Compute Either the 
a. Horse-power, Current, Voltage, 

Fic. 234.—Example in com- Power-factor or Efficiency of 
puting the horsepower output of any Single-phase Alternating- 
eae eDusse moter. current Motor, the other quanti- 
ties being known, one of the following formulas may be used: 


a LX Tr xX pi xsk 


{Single-Phase Motor 
\ Efficiency at this Load= 
\ ED 


Voltmeter-._. 
Reads 220 Volts: |g) 


(69) Revi 746 (horse-power) 
(70) = ee aan (volts) 
(71) i= Peace (amperes) 
(72) pf. = pe (power-factor) : 
(73) = ewan (efficiency) 


Wherein, h.p., = power output of the motor, in horse-power. ° 
W = alternating voltage impressed between the wires on motor 
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terminals, in volts. J; = current in each of the two wires of 
the motor in amperes. p.f. = power-factor of the motor, ex- 


pressed decimally. E = efficiency of the motor, expressed 
decimally. 
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Fie. 235.—Diagram illustrating methods of feeding motors from a two- 


phase line. 


Exampie.—What will be the horse-power output of the pulley, P, of 
the single-phase motor shown in Fig. 234, when: the impressed voltage 
is 220, the current is 10 amp., the power-factor is 84 per cent. and the 
efficiency is 80 per cent.? Soxiution.—Substitute in the formula (69): 
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Fic. 236.—Showing single-phase motors fed from a three-phase line. 


h.p.o = (BE XI, X pf. X E) + 746 = (220 X 10 X 0.84 X 0.80) + 746 
= 1,478.4 + 746 = 1.98 h.p., or, say, 2 h.p. 

ExampLe.— What will be the full-load current taken by a 10-h.p. single- 
phase, 220-volt induction motor, which, at its rated horse-power has a 
power-factor of 80 per cent., and an efficiency of 84 per cent.? Soxv- 
TION.—Substitute in equation (71): I; = (h.p.o X 746) + (EX pf. X 
E) = (10 X 746) + (220 X 0.80 X 0.84) = 7,460 + 147.84 = 50.4 amp. 
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341. That Single-phase Motors may be Operated from any 
Alternating-current Circuit is Their Principal Advantageous 
Feature.—Obviously they may be operated from a single- 
phase circuit and can also be operated from two-phase and 
three-phase circuits, as diagrammed, respectively, in Figs. 235 
and 236. Frequently utility companies do not extend poly- 
phase circuits to certain outlying districts. Where a motor is 
to be installed in such a territory and the extension of the 
polyphase circuit is not economically desirable, a single-phase 
motor offers a solution to the problem. 


SECTION 9 
SYNCHRONOUS MOTORS AND CONDENSERS 


342. Synchronous Motors* (Fig. 237 and 238).—Generally 
speaking, any modern alternating-current generator will oper- 


Position alg Position Y 
Fic. 237.—The operating principle of the synchronous motor. 


ate with more or less satisfaction as a synchronous motor, 

and unless special operating features must be provided for, 

the two are often identical in construction. There are two 
* Carl C. Knight in Practica, Enarneer, June 1, 1912. 
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advantages of the synchronous motor, namely: it operates at 
a constant speed at all loads, provided the driving alternator 
runs at a constant speed, and its power-factor is at all times 
under the control of the attendant. It can be used to correct 
low power-factor of the system that feeds it, in addition to 
driving a mechanical load, provided it has sufficient capacity. 

The latter characteristic is often of considerable impor- 
tance. It is well known that the power-factor of the induc- 
tion motor, even under full-load conditions, is seldom greater 


ie 


Fic. 238.—A Westinghouse Type C belt-drive synchronous motor with 
a direct-connected exciter. 


than 95 per cent., and it often falls as low as 50 or 60 per 
cent. at light-load. The result is that an alternating-current 
generator driving a considerable number of induction motors 
ordinarily operates at a comparatively low power-factor. If 
this alternator is loaded to its full kilowatt capacity at such a 
low power-factor, overheating will result. If the alternator 
is not loaded beyond its normal current capacity it operates 
at a low energy load but with the same heating losses as at 
full-load, on account of the reduced power-factor. The ad- 
vantage of the synchronous motor on such a system is, that 
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by proper adjustment of its field current it may be made to 
draw from the line a current which is leading with respect to 
the voltage. This current which will “neutralize” the lagging 
current taken by the induction motors. The current in the 
alternating-current generator can thereby be brought into phase 
with the voltage and the generator will operate under its 
normal conditions. When used in this manner as a com- 
pensator for lagging current, the synchronous motor must be 
of larger size than required by its mechanical power output, 
on account of the excess current which it draws from the line. 

343. A Synchronous Condenser is a synchronous motor 
that operates to correet power-factor only and does not pull 
any mechanical load. 

344. Disadvantages of the Synchronous Motor.—To offset 
its advantages, the synchronous motor has disadvantages 
which ordinarily limit its application to relatively large 
capacities, and to installations where it can be used as a 
“neutralizer” for lagging current. The chief disadvantage 
is that the motor has relatively small starting torque even 
at full-load current. The motor also requires direct current 
for its field excitation. 

345. The Uses of Synchronous Motors.j—Due to the fact 
that synchronous motors require more care than induction 
motors, that they are not self-exciting and are started with 
some difficulty, they are seldom employed where induction 
motors can be used. Where an induction motor would be 
objectionable on account of its lagging ‘‘wattless’”’ currents 
which affect the voltage regulation, a synchronous motor may 
be used to advantage. It is also used as a “synchronous con- 
denser”? in connection with induction-motor loads for power- 
factor correction as noted above. 

346. The Steps in Starting a Synchronous Motor are about 
as follows: 

1. See that motor is clean, that bearings are well supplied 
with oil, and that oil rings are free to turn. 

2. See that all switches are open. 

3. Close the double-throw field switch, cutting in the field 
rheostat with its resistance all in. 
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4, Close the main-line switch (if any) in the circuit and 
throw in the double-throw switch, throwing it in the starting 
position. The motor should start and speed up to synchron- 
ism in from 30 to 60 sec. 

5. When motor is up to speed, throw field switch over to 
the other (running) position with rheostat all in. 

6. Throw double-throw main switch over to running posi- 
tion, putting motor on full-line voltage. 

7. Adjust field rheostat for minimum armature current. 

Fig. 239 shows the method of connecting a three-phase, 
self-starting synchronous motor to its exciter. This diagram 
shows a double-throw switch in 
the field circuit. This switch, 
however, may (where the exciter 
is connected to the same shaft 
| TELE fuierfied | as the synchronous motor) be 

single-throw and the field con- 
nected direct through the exciter 
armature with the rheostat in the 
circuit. The field is thus short- 
circuited at standstill and is 
WW Va} ; 2 : gradually charged as the motor 

Motor Speeds up. 

Spear Winding 347. Starting Synichvonoue 

Rhgostar 
Fa. A for a self- Motors: ec aa 

starting synchronous motor. phase synchronous motor may 

be started by applying full-load 
voltage to the armature, leaving the field open until the motor 
has reached its normal speed. Sucha procedure would require, 
however, 2 or more times the full-load current of the machine. 
Since the power taken by a synchronous motor starting in this 
manner is of very low power-factor, the line disturbances 
might be considerable. Starting at full-line voltage is also 
liable to induce in the field windings an excessively high vol- 
tage, often resulting in breaking down the insulation. 

348. To Limit the Starting Current to a Reasonable Value, 
Auto-starters or Compensators are Often Used.—These are 
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similar and used in exactly the same manner as the starting 
compensators used with induction motors (Art. 371). When 
starting with a compensator, the field-winding circuit is opened. 
by a switch provided for the purpose or the field circuit may 
be closed through a resistance until the motor has attained its 
normal speed. This arrangement does not provide a great 
starting torque, and in most modern synchronous motors the 
revolving field of the motor is provided with a special auxiliary 
winding (Fig. 240) similar to the winding on the rotor of a 
squirrel-cage induction motor. It has been possible to con- 
struct motors having nearly 30 per cent. of full-load torque 
at approximately 114 times full-load current. Beside improy- 


Squirrel-Cage-- i “Ventilating Fors 
Starting Wind q d : 
A 2. -- Collector Rings 


laminated---~* “Leads From Field 
ea tia ‘ . Coils to Collector Rings 


Fic. 240.—Rotating element of a synchronous motor showing the 
squirrel-cage starting winding. 


ing the starting torque this squirrel-cage winding also has a 
tendency to reduce the hunting or pumping effect which is 
sometimes encountered in the operation of synchronous motors. 

349. Where the Capacity of the Motor Which is to be 
Started is Comparable with the Capacity of the Generator 
which feeds it, it is often necessary to connect a small induc- 
tion motor to the synchronous motor to bring it up to speed. 
When approximately normal speed has been reached the 
synchronous motor is thrown on the line as before, and the — 
field closed immediately. 

350. When a Large Starting Torque is Required, as, for 
example, in driving a considerable amount of shafting, it is 
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often impractical to start the load and the motor from rest 
simultaneously. In such instances it is customary to install 
a friction clutch or similar device between the motor and its 
load, so that the motor may attain its normal speed before 
any load is imposed upon it. 

351. Occasional Installations are Encountered Where the 
Motor is the Only Load on the Driving Generator.—In such 
cases it is possible to connect the synchronous motor to the 
line before starting the alternator. Onstarting the alternator, 
both will come up to speed together. Cases have been known 
in which the motor was a small part of the load on the driv- 

‘ing alternator, that is, the alternator was larger compared 
with the motor, when an auto-starter was used to raise the 
voltage at start instead of to reduce it. This method gives a 
fairly good torque, but requires large current, and the operator 
must be certain that the motor windings will not be damaged 
before trying such a method. 

352. In Cases Where it is Desired to Use an Alternating- 
current Generator as a Motor and no Compensator is Avail- 
able, water rheostats can be used to good advantage, one be- 
ing placed in series with each phase. They are short-circuited 
when the motor has attained normal speed. 

353. General Summary of Synchronous-motor Troubles.— 
Failure of a synchronous motor to start is often due to faulty 
connections in the auxiliary apparatus. These should be care- 
fully inspected for open circuits or poor connections. An open 
circuit in one phase of the motor itself, or a short-circuit will 
prevent the motor from starting. Most synchronous motors 
are provided with an ammeter in each phase, so that the last 
two causes can be determined from their indications—no cur- 
rent in one phase in case of an open circuit, and excessive 
current in case of a short-circuit. Either condition will usually 
be accompanied by a decided buzzing noise, and in case of a 
short-circuited coil, it will often be quickly burned out. The 
effect of a short-circuit is sometimes caused by two grounds 
on the machine. Starting troubles should never be assumed 
until a trial has been made to start the motor light, that is, 
with no load except its own friction. It may be that the start- 
ing load is too great for the motor. 
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354. If the Motor Starts but Fails to Develop Sufficient 
Torque to Carry its Load when the field circuit has been closed, 
the trouble will usually be found in the field circuit. First, 
determine whether or not the exciter is developing its normal 
voltage. Assuming the exciter voltage to be correct, the trouble 
will probably be due to one of the following causes. (1) Open 
circuit in the field winding or rheostat or (2) short-circuit or 
reversal of one or more of the field spools. Open circuit can 
often be located by inspection or by use of the magneto. 

355. The Majority of Field Troubles are caused by excessive 
induced voltage at start, or by the field circuit being broken. 
This excessive voltage may break down the insulation between - 
field winding and frame or between turns on any one field spool, 
thus short-circuiting one or more turns, or it may even burn the 
field conductor off, causing an open circuit. 

356. Causes of Overheating in Synchronous Motors are 
about the same as those in alternating-current generators. 
Probably the most common cause of overheating is excessive 
armature current due to an attempt to make the motor carry 
its rated load, and at the same time compensate for a power- 
factor lower than that for which it was designed. If the 
motor is not correcting low power-factor, but doing mechanical 
work only, the field current should be adjusted so that the 
armature field is a minimum for the average load that the 
motor carries. 

357. Difficulties in Starting Synchronous Motors.*—A syn- 
chronous motor is “‘weaker’’ in starting than is an induction 
motor. In general, however, a synchronous motor will start 
itself and perhaps a very light load. Starting requires no field 
current as the flux which tends to start the motor is not the 
flux that operates it when it is up to speed. In starting, the 
field current is lagging, and a lagging current tends to pull 
down the voltage on the supply circuit, hence tends to lower 
the applied voltage. The starting torque, as in an induction | 
‘motor, is proportional to the square of the applied voltage. 
For example, if the voltage is halved, the starting effort is 
quartered. When a synchronous motor will not start, it may 
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be because the voltage on the line has been pulled down below 
the value necessary for starting. 

In general, at least half voltage is required to start a syn- 
chronous motor. Difficulty in starting may also be caused 
by an open circuit in one of the lines to the motor. Assume 
the motor to be three-phase. If one of the lines is open the 
motor becomes single-phase, and no single-phase synchronous 
motor, as such, is self-starting. ‘The motor will, therefore, 
not start, and will soon get hot. The same condition is true — 
of a two-phase motor, if one of the phases is open-circuited. 

Difficulty in starting may also be due to a rather slight 
increase in static friction. It may be that the bearings are 
too tight, perhaps from cutting during the previous run. 
Excessive belt tension, in case the synchronous motor is belted 
to its load, or any cause which increases starting friction will 
probably give trouble. Difficulty in starting may be due to | 
field excitation being on the motor. After excitation exceeds 
one-quarter normal value, the starting torque is influenced. 
With full field on, most synchronous motors will not start 
at all. If the proper voltage is applied to a motor, and the 
circuits are all closed except the field circuit and the friction — 
is a minimum, and still the motor will not start, the fault is 
probably with the manufacturer. Pole-pieces often receive 
extra starting windings or conducting bridges are provided 
between the pole-pieces to assist in starting. Possibly the 
manufacturer in shipping may have omitted these devices. 
In such cases one must refer to the factory. 

Usually, as above suggested, compensators are used for start- 
ing synchronous motors. If there is a reversed phase in a 
compensator, or, if the windings of the armature of the syn- 
chronous motor are connected incorrectly, there will be little 
starting torque. Incorrect connection can be located by not- 
ing the unbalanced entering currents. Readings to determine — 
this unbalancing should be taken with the armature revoly-— 
ing slowly. The revolving can be effected by any mechanical 
means. While the motor is standing still, even with correct 
connections, the armature currents of the three phases usually . 
differ somewhat. This is due to the position of the poles in 


Src. 9] SYNCHRONOUS MOTORS AND CONDENSERS 237 


relation to the armature, but when revolving slowly, the cur- 
rents should average up. If the rotor cannot be revolved 
mechanically, similar points on each phase of the armature 
must be found. Then, when the rotor is set successively at 
these points, the currents at each setting should be the same. 
Kach phase when located in a certain specific position as related 


to a pole, should, with right connections, take a certain specific 


current. With wrong connections, the currents will not be 
the same. 
358. Open Circuit in the Field of a Synchronous Motor.— 


_ If in the operation of a synchronous motor the field current 


breaks for any reason, the armature current will largely in- 
crease, causing either a shutdown or excessive heat. It be- 
comes important, therefore, in synchronous motors to have the 
field circuit permanently established. 

359. A Short-circuit in an Armature Coil of a Synchronous 
Motor burns it out completely, charring it down to the bare 
copper. When this occurs, the symptoms are so evident that 


there is no difficulty in identifying the trouble. Such a coil 


‘may under ordinary circumstances be cut out and operation 


continued. In an induction motor, the current in the short- 


circuited coil rises only to a certain value, but heats it many 


times more than normal. It is not necessarily burned out 


immediately, and perhaps it may not be burned out at all. 
360. Hunting of Synchronous Motors.—Synchronous mo- 


| tors, served by certain primary sources of energy, tend to 


_ 


“hunt.” The periodicity of the swinging is determined by 
properties of the armature and the circuit. It may reach a 
certain magnitude and there stick, or the swinging may in- 
crease until finally the motor breaks down altogether. This 
trouble usually occurs on long lines having considerable re- 


sistance between the source of energy and the synchronous 


motor. Sometimes it occurs under the most favorable condi- 
tions. Irregular rotation of a prime mover (Art. 289), such 
as a single-cylinder steam engine, is often responsible for the 
trouble. The usual remedy is to apply to the poles, bridges 
(Fig. 240) of copper or brass in which currents are induced 
by the wavering of the armature. These currents tend to 
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stop the motion. Different companies use different forms of 
bridges. When hunting or pulsating occurs, and the motor 
is not already equipped with bridges, it is best to consult the 
manufacturer. In general, the weaker the field on a synchro- 
nous motor, the less the pulsation. Sometimes pulsation may 
be so reduced that no trouble results by simply running with 
a somewhat weaker field current. 

361. Improper Armature Connections in Synchronous 
Motors.—This trouble usually manifests itself by unbalanced 
entering currents and by a negligible or very low starting 
torque. The circuits should be traced out and the connec- 
tions remade until the three entering currents for three-phase, 
or the two entering currents for two-phase, are approximately 
equal. These currents will not be equal even with correct 
connection when the armature is standing still. 

362. Polarity of Synchronous Motors.—Since the winding 
of a synchronous motor armature is in series all the way 
around the circumference and under all of the poles, except 
in exceedingly rare cases, the trouble from a reversed pole is 
much less serious than with an induction motor or direct- 
current machine. With a reversed pole everything operates 
fairly well. The only trouble is that the fields require more 
current than they should because of the pole that is opposing 
the field. If, therefore, excessive field current is required for 
minimum input to a motor, it is a good plan to test the polar- 
ity of all the spools with a compass. 

363. Bearing Troubles of Synchronous Motors are simile 
to those of induction motors (Art. 402). A difference is that, 
with a synchronous motor, the air gap between the revolving 
element and the poles is relatively large, so that the wearing 
of the bearing, which throws the armature out of center, is 
not so serious as with an induction motor. End play should 
be treated the same as with an induction motor (Art, 416). 


SECTION 10 


MANAGEMENT OF, AND STARTING AND CON- 
TROLLING DEVICES FOR ALTERNATING- 
CURRENT MOTORS 


364. The National Electrical Code Requirements Relating 
to the Installation of Alternating-current-motor Control Equip- 
ment are essentially the same as those governing the installa- 
tion of direct-current control equipment which are discussed 
briefly in Art. 120. For further information in regard to 
wiring requirements for motors, see author’s WIRING FOR 
_ Light AND Power. 
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_ Fia. 241.—Connections for a circuit breaker protecting a three-phase 
motor. 


365. Connecting a Circuit-breaker for Polyphase Induction 
Motor Protection.*—Terminals A and B are connected as 
shown in Fig. 241 for three-wire systems, two- or three-phase. 
_ The circuit-breaker should be so located in the circuit that the 
no-voltage coils will be subjected to the full voltage of the cir- 
cuit, irrespective of the position of the starting switch. Where 
‘it is desired to. have the overload of the circuit-breaker in- 
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operative with the auto-starter switch in starting position, the 
connections G and H within the starter should be removed and 
the special connections H and F made instead. 

366. The Methods of Starting Induction Motors may be 
listed as follows: 

1. By Connecting Directly to the Line-—This method is ordi- 
narily used only for small motors—those of less than 10 h.p. 
output—because on starting the motor takes an excessive cur- 
rent and the voltage regulation will be disturbed unless there 
is ample generating capacity and the conductors are of a gen- 
erous cross-section. 

2. By Inserting Internal Resistance in the Rotor Circuit.— 
This method is used only with wound-rotor machines. The 
resistance is cut in or out of the circuit by the operation of 
a switch on the motor shait so arranged that the handle of 
the switch is stationary when the rotor is turning. 

3. By Introducing External Resistance in the Rotor Circuit.— 
This method can be used only with a wound-rotor machine 
having collector rings upon which brushes bear that connect 
with the resistance. The resistance is cut in or out of the 
rotor circuit by a controller somewhat similar to the ordinary 
direct-current motor controller. 

4. By Using a Transformer having Low-voltage Taps.—A low 
voltage can be impressed on the motor at starting by connect- 
ing it with a suitable switch to the low-voltage taps. 

5. With a Starting Compensator or Auto-transformer.—This 
is the usual method for motors of ordinary capacity and is 
similar to the transformer method in that low voltage from 
the compensator taps are impressed on the motor at starting. 

6. By Connecting the Armature Coils in Star for Starting and 
in Delta for Running—This method is described in detail in 
following Art. 383. 

367. A Small Induction Motor can be Started by Throwing 
it Directly on the Line (Fig. 242)——This method is, as a gen- 
eral thing, not used for motors of capacities exceeding 5 h.p. 
Two sets of fuses should be provided, one for starting and one 
for running, with a double-throw switch to connect the motor 
to either set. A switch, having a spring so arranged that the 
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_ blades will not remain in the starting position unless manually 
held there, should be used. The starting current of an in- 
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Fia, 242.—Starting small motor by throwing directly on the line. 
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Fia, 243.—Connections of starter to wound-rotor motor. 


duction motor thrown directly on the line will be something 
between 3 and 8 times the full-load running current. If only 


one set of fuses is used for a polyphase 
motor and they are of sufficient capac- 
ity to carry the starting current, one 
_ fuse may open but the motor will con- 
tinue to operate on one phase, drawing 
a current considerably above normal. 
The probable result is a burnt-out 
- motor. . 
368. Self-contained Starters for 
Wound-rotor Induction Motors of Rel- 
atively Small Capacity (Figs. 243 and 
244) can be purchased. The resistors 
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for these are mounted within the enclosing case that carries the 
switching mechanism that increases or decreases the amount 
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of effective resistance in the rotor circuit. As a rule, the re- 
sistors in these starters are designed only for starting service, 
hence they can be used only where starts are infrequent and 
starting conditions are not severe. They are not usually de- 
signed for speed control for which service drum-type controllers 
with externally mounted resistances are used. In the usual 
designs a set of resistors is connected in series with each phase 
of the motor (Fig. 245) secondary and all three are intercon- 
nected in star by the frame of the starter which is grounded, 
protecting the operator against shocks. 

369. In Operating a Self-contained Starter for a Wound- 
rotor Motor (Figs. 243 and 244) before closing the primary 
line switch or breaker, the handle of the starter must be in 
the starting position, where all the starting resistance is in 
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Fiqa. 245.—Method of varying rotor resistance of a wound-rotor 
induction motor. 


circuit. If the connections are correct, and the load is not 
too great, the motor should start as soon as the line switch 
is closed; on failure to start, open the primary circuit, and ex- 
amine the load conditions and the connections. With some 
starters the handle may have to be advanced slightly beyond 
the starting position before the motor starts. As the motor 
speed accelerates the starter handle should be moved gradu- 
ally to the running position, bringing the motor to full speed 
within the time which is usually specified by the manufacturer 
of the starter. In the running position all starting resistance 
is, in starters of most designs, short-circuited. 

370. Starting a Coil-wound Rotor Motor.*—With the coll 
wound rotor, high and variable starting torque can be obtained 
by inserting a variable ohmic resistance directly in the rotor 
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circuit. The rotor circuit is connected to a non-inductive re- 
sistance, which can be varied and gradually cut out as the 
motor attains speed. Figs. 245 and 246 illustrate the con- 
nections. When the rheostat handleis in the extreme left-hand 
position, the resistance is all out of circuit. To start the motor, 
current is first switched on to the stator circuit by closing a 
triple-pole switch. The three-pole contact blades of the start- 
ing rheostat are now moved over from the off position on to 
the resistance studs, the rirst contacts of which place the whole 
of the resistance in circuit with the respective three-phase 
windings of the rotor. This prevents the current induced in 
the rotor windings by the stator circuit from reaching an ex- 
cessive intensity. The switch handle on being further rotated 
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Fic. 246.—Starting arrangement for three-phase coil-wound rotor motor, 


in a right-hand direction gradually cuts out the resistance 
until all the resistance is out of circuit. In this position the | 
rotor windings are short-circuited. 

371. Commercial Starting Compensators for Squirrel-cage 
Induction Motors usually have three positions at which the 
starting lever will come to rest—an “off” position, a “‘start- 
ing” position, and a “running” position. The lever is so ar- 
ranged that the switch which it controls cannot come to rest 
in any other positions unless forcibly restrained. ‘The con- 
nections of a two-phase and of a three-phase compensator 
are shown in connection with the material on auto-trans- 
formers in Sec. Vof the author’s AMERICAN ELECTRICIANS’ 
Hanppoox. Connection arrangements for compensators of 


‘other types are shown on pages adjacent hereto. 
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In starting compensators, as usually arranged, when in the 
“off”? position the switch is open and the motor and auto- 
transformer are entirely disconnected from the source of en- 
ergy. When in the “starting” position, the source of energy 
is directly connected by the switch to the auto-transformer 
terminals and the low-voltage taps of the auto-transformer 
are connected to the motor. Usually there are no fuses in- 
serted in the starting leads at the compensator. 

When thrown to the “running” position the switch connects © 
the motor through fuses to the source of energy and the 
auto-transformer is entirely disconnected from the source of 
energy. ‘The fuses provided in the running leads are for the 
protection of the motor against overload while it is in normal 
operation. The fuses protecting the tap circuit to the com- 
pensator where the tap circuit branches from the main are 
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-L Without Compensator. IL. With Compensatar. 
Fic. 247.—Starting with and without compensator. 


usually depended upon to protect the motor while it is 
starting. 

372. Starting With and Without Compensators.—The start- 
ing current taken by a squirrel-cage induction motor at the 
instant of starting is equal to the applied electromotive force 
divided by the impedance of the motor. Only the duration of 
this current, and not its value, is affected by the torque against 
which the motor is required to start. The effect of starting 
without and with a compensator is illustrated by diagrams I 
and IJ in Fig. 247. In this diagram, motor J is thrown directly 
on a 100-volt line. The impedance of the motor is 5.77 ohms 
per phase, the starting torque 10 lb. at 1-ft. radius and the 
current taken 10 amp. In diagram JJ a compensator is in- 
serted, stepping down the line pressure from 100 to 50 volts. 
This reduces the starting current of motor one-half and the 
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starting torque becomes one-quarter its previous value or 214 
Ib. at 1-ft. radius. The current in the line is reduced inversely 
as the ratio of transformation in the compensator and 
becomes 214 amp. 

373. When a Compensator is Used the Starting Torque 
of the Motor can be Reduced to Approximately the Value 
Required by the Load and the current taken from the line 
correspondingly decreased. Where a compensator is not used, 
an increase of rotor resistance results in a proportional in- 
crease in the starting torque of the motor with a very slight 
decrease in the starting current drawn from the line. Where 
a compensator is used with a motor having a high-resistance 
rotor the voltage can be reduced to a lower value than would 
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Fic. 248.—Starting with resistance and with compensator. 


I. Running Connections 


be required with a low-resistance rotor for the same starting 
torque. Standard compensators are provided with several 
taps from which various combinations can be obtained. 
374. Comparison of Auto-transformer and Resistance for 
Decreasing Voltage for Starting Squirrel-cage Motors.—The 
motor in Fig. 248 is supposed to require 100 amp. to start 
it; that is, to provide the energy, which will produce the 
necessary starting torque. At J, where an auto-transformer 
is used to lower the voltage to 110, a current of 100 amp. 
is produced in the motor primary with a current in the line 
of 50 amp. This condition is due to the transformer action 
of the auto-transformer. At JZ the running connections are 
shown wherein the autotransformer is entirely disconnected 
from the circuit. At JII are illustrated the conditions that 
would obtain were the voltage lowered for starting by insert- 
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ing resistance in series with the line. Obviously 100 amp. 
must flow in all portions of the line even though the resistance 
of 1.1 ohms reduces the line voltage of 220 to a voltage of 110 
which is impressed on the motor. There is a loss of energy 
(watts) in the resistance. Evidently the auto-starter method 
is preferable because with it the line current is reduced and 
there is practically no loss of energy. Although the example 
illustrated is for a two-phase motor the principle is the same 
for a three-phase motor. 

375. Approximate Starting Currents and Starting Torques 
of Squirrel-cage Induction Motors with Different Impressed 
Voltages Obtained by Using a Compensator Starter.—Starting 
current and starting torque are expressed in terms of normal 
full-load current and full-load torque, and impressed voltage 
is expressed in terms of normal voltage: 


Voltage impressed on | Starting current taken Starting torque, 
motor, per cent. from line, per cent. per cent. 
40 112 32 
60 250 72 
80 450 128 
100 700 200 


376. Taps of a Starting Compensator.*—Compensators are 
usually shipped by their manufacturers connected to the auto- 
transformer tap giving the lowest torque. If the motor will 
not start its load with this tap connected the next higher 
voltage tap should be tried, and so on, until the tap is found 
that provides the required torque. Compensators for use with 
motors of 15 h.p. and under sometimes have three taps giving 
voltages of 40 per cent., 60 per cent. and 80 per cent. of full- 
line impressed voltage. For motors above 15 h.p., four taps. 
are frequently provided giving 40, 58, 70 and 85 per cent. 
of full-line voltage. The proper tap for giving the maximum 
starting torque without causing an inconvenient voltage dis- 
turbance in the supply circuit, can best be ascertained by 
experiment. 
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One make of compensator has for motors of from 5 to 18 
h.p., taps starting the motor at 50, 65 and 80 per cent. of the 
full impressed line voltage, with respective line currents equal 
to 25, 42 and 65 per cent. of the current that would be taken 
by the motor if no compensator were used. For motors larger 
than 18 h.p., compensator-voltage taps are provided giving 
voltages equal to 40, 58, 70 and 85 per cent. of the full im- 
pressed line voltage, and respective currents approximately 
equal to 16, 34, 50 and 72 per cent. of the current that would 
be taken by the motor if it were started directly from the 
supply line. 


Main 


Switch for 
rsitpeie 


Compens 


Generator 
Auto-Transformer 


Y- Connection 


Fig. 249.—Starting compensator with separate switches, and auto- 
transformer for high-voltage or large capacity motor. 


377. Starting Compensators for Motors of High-voltage or 
Large Current Capacity are arranged with the switches sep- 
arate from the auto-transformer (Fig. 249). The equipment 
usually consists of one double-throw or two interlocked single- 
throw oil switches for the motor and a single-throw oil switch 
for energizing the auto-transformer. In the running leads to 
the motor may be inserted overload relays which will open the 
oil switches in the case of over-draught of current. The oil 
switches are usually mounted on a switchboard panel while 
the auto-transformer may or may not be mounted on the panel. 
The construction indicated in the other compensator diagrams 
is used by certain manufacturers for motors of capacities up 
to and including 550 volts when the normal current does not 
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exceed 300 amp. per phase and for motors of from 1,040 to 
2,500 volts with currents not greater than 125 amp. per phase. 
Where motors take greater normal currents or are of higher 
voltage the arrangement of Fig. 249 is applied. 

378. When No-voltage Release Compensator Starters are 
Used for High-voltage Motors a small voltage transformer is 


“Ogerload Relays 


Fig. 250.—Potential transformer for no-voltage relay of high-voltage 
motor. 


usually arranged as in Fig. 250 to energize the no-voltage coil. 
This arrangement is used by certain manufacturers for com- 
pensators, with the no-voltage release attachment, for voltages 


THAT Phase A-... \{\Ke 
seh Back Finger Block 


SS 


! 
Generator Starting Side \ cae gees 
Taps 


Fie. 251.—Overload relays on a two-phase starting compensator. 


of from 1,040 to 2,500. The secondary of the transformer 
furnishes 110 volts for which the no-voltage relay is wound. 
379. Overload Release Coils on Compensators are arranged 
Essentially as Shown in Figs. 251 and 252.—When there is . 
an overload on either phase the iron plunger of the overload © 
relay is drawn up which opens the no-voltage release-coil cir- 
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' cuit. This de-energizes the no-voltage release coil and the 
compensator circuit is automatically opened as described in 
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Iae- 


Starting Side Three~ Phase 


D 
1 
[ Motor. 
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Fic. 252.—Overload release coils on a three-phase starting compensator. 


the paragraph on the no-voltage release. The overload relays 
are usually arranged so that they 
can be adjusted, to operate at dif- 
ferent currents, just as a circuit- 
breaker can be adjusted. An in- 
verse-time-element feature is us- 
ually incorporated whereby the 
relay will operate almost instantly 
on very heavy overloads but will 
not operate until a certain interval 
of time has elapsed (the length of 
the interval being approximately 
inversely proportional to the 
amount of overload) on _ lesser 
overloads. It will be noted from 
the diagrams that fuses are not 
necessary where the overload re- 
lays are used. A decided advan- 
tage of the overload relays is that 
they can be adjusted ue Eaters & Fic. 253.—Installation of an 
motor against running single- auto-starter equipped with no- 
phase. If one phase opens, suffi- poles a overload release 
cient additional current will be 
drawn through the others to operate a relay which will open 
the circuit to the compensator. An installation of a Westing- 


250 ELECTRICAL MACHINERY [ArT. 380 


house compensator having no-voltage and overload relays is 
shown in Fig. 253. 

380. A No-voltage Release can be Provided on Starting 
Compensators.—The connection diagram is shown in Fig. 254 
for a three-phase compensator and that for a two-phase com- 
pensator is similar. When a condition of no-voltage exists on 
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Fig. 254.—Starting compensator with no-voltage release. 


Three- Phase Main (Normal Voltage) 


Fia. 255.—Starting several motors from one compensator. 


the line, the no-voltage release coil is de-energized which per- - 
mits the iron armature or core of the no-voltage coil to drop, 
automatically releasing the compensator handle, which is re- 
turned to the off position by its spring. This opens the cir- 
cuit through the compensator. 

381. A Method of Starting Several Polyphase Induction’ 
Motors from One Compensator is shown in Fig. 255. This 
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can frequently be employed to advantage where there are a 
number of motors situated close together or where a number 
of motors must be started from one location. A double- 
throw switch is necessary for each motor to be started, and 
there should be a switch for the compensator. If all of the 
starting switches are located close together, so that one 
operator can open or close them consecutively, the compen- 
sator need have a capacity only sufficient for serving the 
largest motor in the group. If the starting switches are so 
located that several can be operated at once by different 
men, the compensator must have a sufficient margin of ca- 
pacity to provide for this. After all of the motors are started 
the compensator switch is opened, eliminating compensator 
Rourning 
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Starring : 
Fosifion ----* “ g 
unnin BS 
Cannone -f 
( Delta) Re 

Starting 
Connections. 
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Fig. 256.—The delta-star method of starting. 


losses. Where motors exceed possibly 7 h.p. in capacity, oil 
switches should be used for the starting switches. 

382. Fuses for Use in Connection with Compensator 
Starters.—National Code standard fuses carried in holders 
mounted on slate bases are usually used for compensators for 
voltages up to 600 volts. For voltages of from 1,040 to 2,500, 
if fuses are used, the expulsion type is preferable. A table 
of fuse sizes for induction motors is given in the author’s 
AMERICAN Exectricians’ Hanpsoox, but where not other- 
wise specified, fuses of a capacity corresponding to 114 times 
the full-load current of the motor are supplied. 

383. The Delta-star Method of Starting Three-phase, 
Squirrel-cage Induction Motors is sometimes used (Fig. 256). 
- The stator-coil terminals are brought out from the frame and 
connected to a double-throw switch as shown. In starting, 
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the coils are connected in star and the current is 1 + 1.73 or 
0.58 of what it would be with the coils connected in delta. 
After the rotor has attained full speed the switch is thrown 
to the running position, which connects the coils in delta and 
normal voltage is thereby impressed on them. Motors musi 
be specially constructed for this method of starting as it is 
not extensively used by the principal manufacturers. 

384. Speed Control of Polyphase Motors.*—The speed of 
polyphase induction motors can be controlled by a number of 
different methods, of which the following are the most impor- 
tant. JI. Adjusting the resistance of the secondary circuit. 
II. Adjusting the primary voltage. III. Using two motor 
primaries, one of which is capable of being rotated. IV. 
Changing the number of motor poles. V. Operating two or 
more motors connected in cascade. VI. Adjusting the fre- 
quency of the primary current. VII. Changing the number 
of phases of the secondary windings. 

The results obtained by the use of these various methods 
differ widely, so that in selecting a variable-speed alternating- 
current motor careful consideration must be given to the 
characteristics of the method of control in order to determine 
its suitability for the service. In many cases a combination 
of methods is required in order to produce the desired speed 
changes. 

385. Speed Control of a Polyphase Motor by Adjusting 
the Resistance of the Secondary Circuit—wWith constant 
torque, the speed of the motor increases regularly as each step 
of the resistor is short-circuited and remains constant on any 
given notch. But with varying torque the motor speed varies 
also; that is, an alternating-current motor when operating 
with auxiliary resistance in the rotor circuit is properly classi- 
fied as a varying-speed motor. This method of speed control - 
is, therefore, not suitable for service requiring several constant 
speeds with varying torque, such as machine-tool work, ete. 

Speed control by means of adjustable secondary resistance 
is, however, very, useful where constant speeds are not essen-— 
tial, for example, in operating cranes, hoists, elevators, and 

*B. G. Lamme, 
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_ dredges, and also for service in which the torque remains con- 
stant at each speed, as in driving fans, blowers, and centrifu- 
gal pumps. In service where reduced speeds are required 
only occasionally and where small speed variation is not ob- 
jectionable, this method of control can also be used to good 
advantage. On account of energy loss in the resistors, the 
efficiency is reduced when operating at reduced speeds, this 
reduction being greatest at the slowest speeds. The circuits 
are essentially the same as for starting by varying resistance 
in the rotor circuit, as shown in Figs. 245 and 246. 

386. With Secondary Speed Control the rotor usually has 
a Y-connected winding to which is connected, in series in 
each phase, an external resistance, Figs. 245 and 246. By 
moving the adjustable arm the amount of resistance in series 
in each phase can be varied from a maximum to zero and 
the speed varied from the highest speed to the lowest speed. 
This form of control is in general preferable to the primary- 
control method and is used where a larger number of speeds 
is required and it is not necessary for the motor to run at 

any considerable period at reduced speed. 

387. Speed-torque Graphs of a Secondary Speed-control 
Induction Motor (see Fig. 257).—To determine the speed of 
such a motor on any point of the controller when operating 
against a given torque and to find the current taken at that 
speed and torque, refer to graphs which show the speed, 
torque and current for phase-wound variable-speed motors. 
Those of Fig. 257 are typical of ordinary capacities. For 
any given torque, follow along the abscissa corresponding to 
this value to its point of intersection with the torque curve 
for that particular notch of controller. Then follow up the 
ordinate until it intersects the current curve corresponding 
to the same controller notch and the value so obtained is the 
_ current taken by the motor. 


EXAMPLE.—Suppose it is desired to determine the current taken on 
the various points of the controller when starting a 25-h.p. 220-volt 
motor and bringing it from rest to full speed against full-load torque 
—the first point (Fig. 257) at which more than full-load torque can 
be obtained is the third notch and following the line upward to the cur- 
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rent curve we see that the current taken is 150 per cent. full-load cur- 
rent. This value drops until about 45 per cent. synchronous speed is 
reached, when in order to hold up the torque it is necessary to throw to 
the fourth notch. 
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Fia. 257.—Typical current, torque and speed curves for an induction 
motor with secondary speed control. 


The current rises correspondingly to 130 per cent. full-load, then 
drops until 53 per cent. synchronous speed is reached. Then the con- 
troller must be moved to the fifth notch, thence it drops until 65 per 
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Fic. 258.—Methods of varying the voltage impressed on an induction 
motor. 


cent. synchronous speed is reached, etc. The dotted line indicates the 
variation in current. : 


388. Speed Control of a Polyphase Motor by Adjusting the 
Primary Voltage (Fig. 258).—Adjusting the primary voltage — 
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of a motor causes speed changes that are similar to those 
produced by adjusting the resistance of the motor secondary. 
The voltage variations can be obtained by means of adjust- 
able resistors, auto-transformers, or choke coils in series with 
the primary. This method has the disadvantages of poor 
speed regulation, low efficiency, and unsatisfactory control, 
especially when the primary voltage is high; it is not in gen-— 
eral commercial use. Squirrel-cage induction motors are, 
however, almost invariably started with reduced primary 
voltage obtained by means of auto-transformers. Fig. 259 
indicates the external appearance of a variable-resistance 
starter for such service. 

389. Primary Speed Control (Fig. 258).—Where a com- 
_pensator is used, contactors, connected by conductors to the 
stator, are arranged to slide over 
the compensator taps, ina manner 2? ¢ 
similar to that in which the lever 
arm slides over the segments of a 
_ rheostat, and thereby vary the volt- 
age impressed on the motor. The 
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trolled by this method is very poor Fic. 259.—Primary resist- 


ance starter for a squirrel-cage 


and the power-factor and efficiency eatar 


decrease with the speed. Wherea 

resistance is used for varying the voltage impressed on the 
stator, the regulation and efficiency of the machine are not 

as good as when a compensator is used. 

390. Speed Control of a Polyphase Motor with a Double 
Primary Arrangement.—The double primary motor resembles 
an ordinary squirrel-cage induction motor in construction 
except that the primary is divided vertically into halves, each 
with separate core and windings. One-half can be rotated 
around the rotor by means of a worm-screw and rack device. 
Fig. 260 shows this construction. When the two halves of 
the primary are placed so that like poles are in line, the rotor 
windings are subjected to maximum magnetic flux from the 
_ primary, and the motor will run with minimum slip and there- 
fore at its maximum speed. By turning the movable half of 
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the primary, the flux acting on each rotor bar is gradually 
reduced, causing increased slip and a corresponding reduction 
of the motor speed for a given torque. 

This operation is equivalent to varying the primary voltage 
and therefore cannot be used with advantage where constant 
speed with varying torque is desired. The mechanism is, 
however, self-contained; the speed changes are effected with- 
out opening circuits; and the motor, having no brushes, oper- 
ates without sparking. 

391. Speed Control of a Polyphase Motor by Changing the 
Number of Motor Poles.—The synchronous speed of a poly- 
phase motor is inversely proportional to the number of its 
poles. Thus on a 60-cycle circuit a two-pole induction motor 
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Fra. 260.—Longitudinal section of a double primary motor. 


has a synchronous speed of approximately 3,600 r.p.m., a four- 
pole motor 1,800 r.p.m., an eight-pole motor 900 r.p.m., ete. 
It is therefore possible to alter the speed of a motor by 
changing the number of its poles. 

This can be accomplished by using two or more separate 
primary windings, each having a different number of poles, 
or by using a single winding which can be connected so as to 
form different numbers of poles. In general only two speeds 
are possible without great complication, the preferable ratio 
being 1:2. The rotor should be of the squirrel-cage type as 
this is adapted to any number of poles, whereas the windings 
of a wound rotor must be reconnected for the different speeds. 

With very few exceptions these motors are squirrel-cage 
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machines with special stator windings. They are designed 
to operate at full and half speed, the different speeds being 
obtained by changing the connection of the coils so as to halve 
or double the number of poles. Usually motors with the lower 
speed other than half speed require more complicated con- 
nections and necessitate bringing out a large number of leads 
from the motor. The motors can be designed for three or 
four speeds, but such will require two distinct stator windings. 
_ Obviously, these motors are very special and their use is not 
advocated except when absolutely necessary. 

The efficiency is approximately the same at each speed and 
_ the power-factor which is lower at full speed than that of 
the normal motor is reduced very greatly at the lower speed. 
Also the output is proportional to the speed, while the per- 
centage slip remains approximately the same for each speed, 
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Fig. 261.—Two polyphase motors connected in cascade. 


and the starting torque per ampere varies approximately in- 
versely as the speed. 

392. Speed Control of Polyphase Motors by Operating 
Two or More Motors Connected in Cascade offers, under 
some conditions of service, the most convenient and econom- 
ical method of speed variation. In this arrangement all the 
rotors are mounted on one shaft or the several shafts are 
rigidly connected. The primary of the first motor is con- 
nected to the line, its secondary, which must be of the 
phase-wound slip-ring type, to the primary of the second 
motor and so on. The secondary of the last motor can be 
either of the squirrel-cage or of the phase-wound type. In 
practice more than two motors are rarely used. The 
arrangement is shown in Fig. 261. 

Speed changes are obtained by varying the connections of 

17 
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the motors, the following combinations being possible with 
two motors: Each motor can be operated separately at its 
normal speed with its primary connected to the line, the 
other motor running idle; the motors can be connected in 
cascade so that the rotors tend to start in the same direc- 
tion (direct concatenation); or the motors can be connected 
so that the rotors tend to start in opposite directions 
(differential concatenation). If the first motor has 12 poles 
and the second 4, the following synchronous speeds can be 
obtained on a 25-cycle circuit. 

(1) Motor II (4 poles) running single, 750 r.p.m.; (2) 
motors in differential cancatenation (equivalent of 8 poles), 
375 r.p.m.; (8) motor J (12 poles) running single, 250 r.p.m.; 
(4) motors in direct concatenation (equivalent of 16 poles), 
187.5 r.p.m. By the use of adjustable resistance in the 
secondary circuits, changes from one speed to the next can be 
made with uniform gradations. 

A great number of speed combinations are possible by the 
use of this method; the control is simple and safe, as few 
leads are required and main circuits are not opened for most 
of the speeds. The rotors can be made with smaller diame- 
ters than is possible with other multispeed motors, hence the 
flywheel effect is reduced toaminimum. In general, a cascade 
set is applicable where speed changes must be frequently 
made with high horse-power output and primary voltae 
and where the speed ratios are other than 1 :2. 

393. Speed Control of a Polyphase Motor by Adjusting the 
Frequency of the Primary Current.—Since the synchronous 
speed of an induction motor is equal to the alternations of 
the supply circuit divided by the number of poles in each 
circuit, a change in speed can be effected by changing the 
frequency of the circuit. 

Fig. 262 shows the speed-torque and other curves of a motor 
when operated at 7,200, 3,600, 1,800, and 720 alternations per 
minute, or at 100, 50, 25, and 10 per cent. of the normal 
alternations. The speed-torque curves corresponding to the 
above alternations are a, b, c, and d. The current curves 
are A, B, C, and D. This figure shows that for the rated 


Sec. 10] ALTERNATING-CURRENT MOTORS 259 


torque 7, the current is practically constant for all speeds, 
but the electromotive force varies with the alternations. 
Consequently, the apparent power supplied, represented by 
the product of the current by electromotive force, varies with 


Speed.- Current- Power Expended. 


Torque. 


_ Fig. 262.—Performance curves of a polyphase induction motor with 
different applied frequencies and different applied electromotive forces. 


the speed of the motor, and is practically proportionate to 
the power developed. 

In a few cases, where only one motor is operated, the 
generator speed can be varied. If the generator is driven by 
a waterwheel, its speed can be varied over a wide range, and 
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Fic. 263.—Speed adjustment by changing frequency. 


the motor speed will also vary. If the generator field is held 
at practically constant strength, then the motor speed can 
be varied from zero to a maximum at constant torque with 
a practically constant current. 

Another method of accomplishing this result is by the use 
of a frequency changer. Fig. 263 shows the arrangement. 
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B and C are induction motors of the ordinary type; A is a 
direct-current motor directly connected to the rotor of B. 
C is the driving motor and B the frequency changer. The 
primary of B is connected to the line, its secondary to the 
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Fig. 264.—One secondary circuit closed (changing the number of phases 
of the secondary winding). 


primary of C. The frequency of the current delivered to C 
depends on the relation of the speed of the rotor B to the 
synchronous speed of B; the slower the rotation of the rotor 
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Fic. 265.—Connections for automatic starters for alternating-current 
motors. 


the higher the frequency delivered to C and the higher the 
speed of C. The speed of the rotor B is controlled by adjust- 
ing the field of motor A. Motor B must be practically the 
same size as C; but motor A can generally be relatively 
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smaller, the exact size depending on the maximum and 
minimum frequency and the power required for motor C. 
This method can be applied with special advantage where 
direct-current motor drive is not desirable. 

394. Speed Control of a Polyphase Motor by Changing the 
Number of Phases of the Secondary Winding.—If only one 
of the secondary circuits is closed the motor will run at 
about half speed, with very low power-factor and _ poor 
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Fic. 266.—Arrangement of float switch control for a single-phase motor. 


efficiency. This method of speed adjustment (Fig. 264) is 
frequently used in experimental work, but has no extensive 
commercial applications. 

395. The Methods of Connecting Float-control Automatic 
Starters for Al‘ernating-current Pump Motors are illustrated 
by the typical diagrams of Fig. 265. Fig. 266 shows the wir- 
ing of a non-automatic float switch used with a single-phase 
motor of the type which does not require an automatic starter. 
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The principle of operation of this float switch is shown in Fig. 
114, Where the pump motor is controlled by a pressure regu- 
lator, the connections for an alternating-current motor are 
essentially the same as those for a direct-current motor and 
are illustrated in Fig. 115. 

396. To Reverse the Direction of Rotation of a Polyphase 
Induction Motor.—For a two-phase, four-wire motor, inter- 
change the connections of the two leads of either phase. For 
a two-phase, three-wire motor, interchange the two outside 
leads. For a three-phase motor, interchange the connections 
of any two motor leads. 


SECTION 11 


TROUBLES OF ALTERNATING-CURRENT GENERA- 
TORS AND MOTORS 


397. The Troubles of Alternating-current Generators and 
Motors are in some respects similar to those encountered with 
direct-circuit machines, and the methods of rectifying them 
are, in some cases, similar. However, since the construction 
of the alternating- is radically different from that of the direct- 
current apparatus, it follows that each type (a.c. and d.c.) 
will be subject to certain troubles peculiar toitself. Thereader 
is advised to review carefully Sec. 4, ‘‘Troubles of Direct-cur- 
rent Generators and Motors” because such portions of that 
section as may apply to alternating-current machines will not 
be repeated in this section. The methods there (Sec. 4) de- 
- scribed of locating field-coil (Art. 223) and insulation-resistance 
(245) troubles can, with obvious modifications, be applied for 
alternating-current revolving fields. Considerable of the ma- 
terial in this section is based on that in the book, Motor 
TRovuBLES by E. B. Raymond. 

398. Bearing Troubles of Alternating-current Machinery 
are due to the same causes that originate difficulties with 
_ bearings in direct-current units. Hence, for information on 
this subject see Art. 230 and following articles in Sec. 4, 
“Troubles of Direct-current Generators and Motors.” See 
following Art. 402 for discussion of induction-motor bearing 
troubles. 

399. Troubles of Alternating-current Generators.*—The 
following causes may prevent alternating-current generators 
from developing their normal e.m.f.: 

(1) The speed of the generator may be below normal. (2) 
The switchboard instruments may be incorrect and the voltage 
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may be higher than that indicated, or the current may be 
greater than is shown by the readings. (3) The voltage of 
the exciter may be low because its speed is below normal, or 
its series field reversed, or part of its shunt field reversed or 
short-circuited. (4) The brushes of the exciter may be in- 
correctly set. (5) A part of the field rheostat or other un- 
necessary resistance may be in the field circuit. (6) The 
power-factor of the load may be abnormally low. 

400. Induction Motor Troubles.*—The unsatisfactory 
operation of an induction motor may be due to either ex- 
ternal or internal conditions. The voltage or the frequency 
may be wrong, or there may be an overload on the machine. 
Low voltage is the most frequent cause of trouble. The start- 
ing current is sometimes twice the running current, with the 
result that the voltage is particularly low at starting. The 
best remedy for this disorder is larger transformers and larger 
motor leads, one or both. The troubles that occur most 
frequently within the motor itself are caused by faulty insu- 
lation, and by uneven air gap due to the springing of the motor 
shaft or to excessive wear in the bearings. If a wound-rotor 
machine refuses to start, the trouble may be due to an open 
circuit in the rotor winding. A short-circuited coil in the 
motor: will make its existence known by local heating in the 
latter. Most motors designed to employ a starting resistance 
will not start at all if the resistance is omitted from the 
secondary circuit. : 

401. Causes of Shutdowns of Induction Motors.—Some- 
times there is trouble from blowing fuses. Or possibly, and 
more serious, the fuses do not blow and the motor, perhaps 
humming loudly, comes to a standstill. Under these condi- 
tions, the current may be 10 times normal, so that the heat- 
ing effect, being increased as the square of the current, or 100 
fold, causes the machine to burn out its insulation. Since the 
torque or turning power of an induction motor is proportional 
to the square of the applied voltage (one-half voltage produces 
only one-quarter torque), it is evident that lowering the 
voltage has a decided effect upon the ability of the motor to 
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earry load, and may be the cause of its stopping, Another 
cause may be that the load on the motor is more than equal 
to its maximum output. 

402. Bearing Troubles in Induction Motors.—The bearings 
may have become worn, so that the air gap (which ordinarily 
is not much over 0.040 in. and on small motors as small as 
0.015 in.) has been gradually reduced at the lower side of the 
rotor to practically zero. The rotor commences to rub on the 
stator. The frictionsoon becomes so great that it is more than 
the motor can “pull.” The result is that it shuts down. A 
shutdown may be due to bearings introducing excessive friction. 
Hot bearings, in turn, may be due to excess of belt tension, 
dirt in the oil, oil rings not turning, or to improper alignment 
of the motor to the machine that it drives. Hence, under 
such conditions, it should be ascertained whether the voltage 
has been normal, whether the air-gap is such that the rotor 
is free from the stator, and whether the load imposed upon the 

_ motor is more than that for which it was designed. In any 
installation a system should be arranged whereby an inspector 

will examine the gap, bearings, etc., periodically. See Art. 233 

for information relating to ball bearings for motors. 

403. Starting Switch Troubles in Wound-rotor Motors.— 
Rarely, shutting down may be due to the working out of the 
starting switch, which may be located within the armature. 

- Such a switch is operated by a lever engaging a collar which 
bears on contacts which, as they move inward, cut out the 
resistance in series with the rotor winding and located within 
it. If the short-circuiting brushes work back, introducing 
resistance into the armature circuit while the machine is try- 
ing to carry load, it will at once slow down in speed and 

_ probably stop, usually burning out the starting resistance. 

Of course, this can occur only from faulty construction. The 

remedy is to fit the brushes properly, so that they will not. 
— work out. 

404. Low Torque while Starting Induction Motors.—Al- 
though the circuit to the motor be closed, sometimes it does 
not start. The same general laws of voltage, etc., apply to 
the motor at starting as when running. Hence, the points 
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mentioned under “‘shutdowns” (Art. 401) should be investi- 
gated and if necessary corrected. ‘The resistance, which is 
frequently inserted in the armature, may be short-circuited, 
thus giving a low starting torque. Unless a starting com- 
pensator is used for starting, it is necessary, in order to 
obtain a proper starting torque with a reasonable current, that 
a resistance be inserted in the rotor circuit. The resistance 
not only limits the current, which would, with the motor 
standing still, be large, but it causes the current of the arma- 
ture to assume a more effective phase relation, so that with 
the same current a far larger torque is obtained. A partial 
or complete short-circuit of the resistance partially or wholly 
ruins the starting torque. 

405. Low Maximum Output of Induction Motors.—The 
maximum load which a motor can carry may be less than 
desired, or less than the nameplate indicates. If the vol- 
tage, air gap, load, etc., are right, it may be possible that a 
mistake has been made in connections. It is then easiest to 
return the motor to the factory, but if immediate operation 
is essential, the armature connections can readily be changed 
so as to give a large increase in output. To ascertain what to 
do, remove the bracket on the side of the motor which covers 
the connections between the coils. Pick out one phase, and 
find out how many groups of coils are connected up. From 
this, the number of poles can be determined. A better way 
is to calculate this from the speed of the motor and the fre- 
quency of the circuit on which it is running. See 315. 

From an examination of the connections it can be easily 
determined whether the poles in any place are connected in 
series or in multiple, or in series-multiple. Thus, in a motor 
the connections may be as shown at the left in Fig. 267, 
which indicates the windings of one phase of a four-pole motor. 
If the connections be changed to those shown at the right 
in Fig. 267, each coil will then receive double its former vol- 
tage and the motor will give 4 times the output. Before mak- 
ing a change in, connections such as that indicated here one 
must ascertain to a certainty that the increased current that 
will result will not injure the windings. 
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It should be borne in mind, however, that this renders 
the motor less efficient, increasing the exciting current, and 
thus lowering the power-factor. If conditions demand it, 
this method may be followed. The temperature under the 
new conditions should be carefully observed to insure that 
there is no undue heating. The only change in connections 
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Fig. 267.—Connections of induction-motor coils. 


that can be used for quarter-phase motors is of the type of the 
one just described. 

With three-phase motors the poles can be grouped not only 
as previously suggested, but a variation of connections from 
delta to star, or the reverse, can be made. A delta-connected, 
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Delta Connected Coils. Star Connected Coils. 
Fic. 268.—Three-phase motor coil connections. 


two-pole motor is shown at the left in Fig. 268, where the three 
phases are indicated by the letters, A, Band C. Any one of 
these phases may have poles connected in either series or 
multiple. In a delta connection with the coils spaced 120 
deg. apart, as shown in Fig. 268, each phase has the line 
voltage FE. . 
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In the star connection the phases are joined as shown at the 
right in Fig. 268. In this case, as with the delta connection 
each phase may have poles in series or in multiple. In the 
star connection of Fig. 268, each coil has a voltage of 0.58 
x #. 

406. Winding Faults of Induction Motors.—When a new 
induction motor is received, it sometimes happens that in 
attempting to operate the machine, although it will start, 
the currents are excessive and unbalanced, undue heating ap- 
pears or a peculiar noise is emitted and accompanied possibly 
by dimming of the lights on the same circuit and the lower- 
ing of speed with perhaps actual shutdown of other induc- 
tion motors thereon. If, after examination, there is found 
to be no difficulty with the air gap, belt tension, starting resist- 
ance or bearings, the probabilities are that the coils of the 
motor have been wrongly connected or that the winding has 
been damaged during transportation. Certain indications of 
these conditions are shown by instrument readings. The 
winding faults in a three-phase motor may be: 

(1) One coil of the.rotor may be open-circuited. The 
- armature or rotor may have a defective winding just as may 
the field. (A coil-wound rotor construction is used only when 
a starting resistance is used. When a compensator is used 
no starting resistance is required, and the winding consists 
simply of bars connected at the ends by a ring.) (2) Two 
coils or phases of the armature may be open-circuited. (8) 
Armature may be connected properly but field coil or phase 
may be reversed. (4) Part of field may be short-circuited. 
(5) One phase of field may be open-circuited. 

407. With an Open Circuit in Field or Stator in a three- 
phase motor, current would flow only in two legs. There 
would be no current in the other leg and the motor would not - 
start from rest with all switches closed. However, a three- 
phase motor or a two-phase motor will run and do work 
single-phase if it is assisted in starting. The starting torque 
is zero, but as the speed increased the torque increases. With 
a small motor, giving a pull on the belt will introduce enough 
torque so that it will pick up its load. Therefore, while an 
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open circuit in the field winding should be found and repaired, 
if there is not time for repairs, the motor can be operated 
single-phase to about two-thirds of normal load. The power- 
factor conditions and effects on the rest of the circuit are prac- 
tically no. worse than when the motor is running three-phase. 
The torque graph of a 1-h.p., three-phase induction motor 
from rest to synchronism, when running single-phase, is indi- 
cated in Fig. 203. The torque curve of a 20-h.p., three-phase 
motor is given in Fig, 204, and of a 1-h.p., three-phase motor 
in Fig. 205. 

408. Balking of Induction Motors.—With induction motors 
having certain slot relations between armature and field, at one 
certain percentage of speed, the torque will decrease to almost 
zero. The motor will start its load properly, but will sud- 
denly lose its torque at some slow speed, perhaps one-tenth 
normal. Such trouble may be caused by a magnetic locking 
effect of the teeth of the armature with the poles of the field. 
This phenomenon cannot easily be measured with ordinary 
measuring instruments and facilities. But with special torque 
measuring instruments the peculiar synchronous locking can 
be measured and exactly located. If all other investigations 
show no cause of weak torque during the rise of the speed 
from rest to synchronism, the relation between the number 
of poles and slots in the rotor may account for the trouble. 
This is an unusual condition, but on squirrel-cage motors 
it has existed. ‘There is no remedy but a change in design, 
so that the manufacturer must take action for correction. 

409. Squirrel-cage Armature or Rotor Troubles.—Unusual 
operation due to reversals of phase, phases open-circuited, 
and other causes, occur with squirrel-cage armatures as well 
as with wound armatures. Poor soldering of the armature 
bars may be the cause. Sometimes a solder flux may be used 
- that will insure proper operation for a while, but time will 
- develop poor electrical contacts due to chemical action at 
the joints. If the resistances of all of the squirrel-cage joints 
are uniformly high, the effect is simply like that of an arma- 
ture having a high resistance, which causes a lowering of the 
speed and local heating at the joints. If some of the joints 
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are perfect, but some bad, the motor may not have the 
ability to come up to speed and there will be unbalanced 
currents. 

410. Effects of Unbalanced Voltages on Induction Motors. 
—The maximum output of a polyphase induction motor may 
be materially decreased if the voltages impressed on the dif- 
ferent phases are unequal. On a three-phase system, the 
three voltages between the legs 1-2, 2-3 and 1-3 should be 
approximately equal. Also on a two-phase the voltage 1-2 
should equal 3-4. If these voltages, impressed on the induc- 
tion motor, are not equal the maximum output of the motor 
as well as the current in the various legs is proportionately 

affected. 


Exampies.—With a two-phase motor, if the voltages in the two legs 
differ by 20 per cent., a condition sometimes encountered in normal 
practice, the output of the motor may be reduced 25 per cent. Then, 
instead of being able to give its maximum output of, say, 150 per cent. 
for a few moments, it will give but 112 per cent. The varying loads 
which the motor may have to carry may shut it down. In cases of 
low maximum output, the relative voltages on the various legs should 
always be investigated. If they vary, the trouble may be due to this 
variation. 

In addition to the effect on the maximum output, the unequal distri- 
bution of current in a two-phase motor under such conditions may be 
quite serious. Consider a specific case of a 15-h.p., 6-pole, 1,200- 
r.p.m., 220-volt motor, with the voltage on one leg 220 and the voltage 
on the other leg 180; current in leg No. 1 was 60 amp. and in leg No. 
2, 35 amp. at full-load. The normal current at full-load was 35 amp. 
Thus the fuse might blow in the phase carrying the high current, caus- 
ing the motor to run single-phase. If an attempt is made to start the 
motor, the blown fuse not being noticed, there would be no starting 
torque. 

Consider the specific case of a six-pole, 10-h.p., 1,200-r.p.m., 160-volt, 
three-phase motor. The motor on normal voltage, at full-load, took 110 
amp. in each leg. With unbalanced voltages of 161, 196 and 168, only’ 
full-load could be carried, although the average of these voltages is such 
that it might be assumed that 25 per cent. overload should be carried. 


411. Induction Motor Starting Compensator Troubles.— 
Sometimes a mistake is made in the connections to the com- 
pensator, so that full voltage is used at starting and the 
lesser voltage after throwing over the switch. Then the motor 
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at starting takes excessive current, and, since the maximum 
output is in proportion to the square of the voltage, the motor 
capacity is much reduced when it is apparently running on 
the operating position, Such action, therefore, can usually be 
accounted for by a wrong connection in the compensator. 
Sometimes a motor connected to a compensator takes more 
current at starting than it should, under which conditions a 
lower tap should be tried. Compensators are usually sup- 
plied with various taps and the one should be selected which 
produces the least disturbance on the line, giving at the same 
time the desired starting torque on the motor. 

412. When a Motor, Having Been Connected to a Com- 
pensator, Will Not Start, the cause may be entirely in the 
compensator. The compensator may have become .open-cir- 
cuited, due to a flash within. The switch may have become 
deranged, so that it will not close, or a connection within 
the compensator may have become loosened. Possibly, when 
a motor will not start when connected to a compensator just 
installed, a secondary coil may be ‘‘bucked”’ against another 
secondary coil within the compensator so that no voltage is 
produced by the compensator at the motor. This results in 
no appreciable excess heating and in no apparent phenomenon 
which would account for the motor not starting. An am- 
meter in the motor leads will indicate the absence of current, 
or a voltmeter will indicate the absence of voltage. 

413. Induction-motor Collector-ring Troubles.—It is essen- 
_ tial that the contact of the brushes on the collector rings 
be good, else the contact resistance will be so great as to slow 
the motor down and to cause heating of the collector itself. 
_ This effect is particularly noticeable when carbon brushes are 
- used. ‘The contact resistance of a carbon brush under normal 
operation pressure and carrying its usual density of current 
(40 amp. per sq. in.) is 0.04 ohm per sq. in. Thus, under 
normal conditions, the drop is 0.04 X 40, which equals 1.6 
volts. If the contact is only one-quarter the surface, this 
drop would be 6.4 volts, and might materially affect the speed 
of the motor. Thus, if the speed is below synchronous speed 
more than it should be (normally it should not be over 4 per 
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cent. below), an investigation of the fit of the brush upon 
the collector may show up the trouble. 

If copper brushes are used, this trouble is much less liable 
to occur, since the drop of voltage, due to contact resistance 
when running at normal density (150 amp. per sq. in.), is only 
one-tenth that of carbon. The same trouble may occur due 
to the pigtail, which is usually used with carbon brushes, 
making poor contact with the carbon, which gives the same 
effect as a poor contact with the collector itself. 

414. Hunting of Induction Motors.—In very rare cases an 
induction motor will hunt and cause much trouble. The 
phenomenon appears as a speed variation of 1 or 2 per cent. 
each side of the normal speed, with a period of vibration de- 
pending upon the conditions. It may be anywhere from 10 
to 500 swings a minute. This rare phenomenon of induction 
motors depends upon the drop in the line between the genera- 
tor operating the induction motor and the motor itself, and 
upon the design and slot relations of field and armature. It 
will cease if the line resistance be cut out between the motor 
and the generator. If this is not possible, it can sometimes 
be stopped on at three-phase motor by changing from delta 
to Y connection, or possibly the grouping of the poles may be 
changed. In any case, the flux in the motor is altered. 

415. The Period of Motor Hunting Has Nothing Whatever 
To Do with the Hunting of the Generator.— Hunting of a motor 
may occur even though the generator speed is exactly uniform. 
This action is entirely distinct from a variation of the uni- 
formity of the speed of the generator due to the engine driy- 
ing (Art. 289) which lack of uniformity is repeated by the motor 
itself. It is more vicious and usually results in a gradual in- 
crease of amplitude of swing until the motor finally gets swing- 
ing so badly that it finally breaks down and stops entirely. 
Ordinarily, the manufacturer is responsible, but a change of 
connections will often cure the trouble and keep the apparatus 
in operation until a permanent correction can be effected. 

416. Improper End Play in Induction Motors.—Induction 
motors are so designed that the revolving parts will play end- 
wise in the bearing; 14g in. or so. If in setting up the ma- 
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chine the bearings so limit this end action that the rotor does 
not lie exactly in the middle of the stator, there is a strong 
magnetic pull tending to center the rotor. If the bearings 
will not permit this centering, the thrust collars must take 
the extra thrust which, in an induction motor, is considerable. 
If in addition to the magnetic thrust the belt pull is such as 
to also draw in the same direction, the trouble is aggravated. 
The end force may be such as to heat the bearing excessively 
and to cause cutting, soon rendering the motor inoperative. 

417. In Case of Trouble with Bearings, the end play should 
be tested by pushing against the shaft with a small piece of 
wood, placed on the shaft center. With the machine operat- 
ing and rotating under normal conditions there should be no 
particular difficulty in pushing the shaft first one way from 
one side, and then the other way from the other side. If it 
is found that the revolving part is hugging closely against one 
side, the trouble can be corrected either by pressing the spider 
along the shaft in a direction toward which the hugging is 
occurring, or by driving the tops of the lamination teeth in the 
same direction. With a wooden wedge, the tops of the teeth 
can often without any difficulty be driven over 14 to 3¥¢ in. 
This movement will usually correct the trouble. Driving the 
teeth of the stator 1g in. or so in the opposite direction to 
that of the end thrust will usually accomplish the same result. 
It is best to choose the teeth (stator or rotor) which are most 
easily driven over. The thin long ones move easier than do 
the short broad ones. 

418. Oil Leakage of Induction Motor Bearings.—Some- 
times a bearing will permit oil to be drawn out, perhaps a very 
little at a time. Ultimately enough will accumulate to show 
on the outside or on the windings of the machine. While a 
motor will run for a period with its windings wet with ordinary 
lubricating oil without being apparently injured, insulation 
soaked with oil will deteriorate and eventually fail. One of 
the principal causes is a suction of the oil due to the drafts 
of air from the rotor, and one of the best methods of stopping 
the trouble, under ordinary conditions, is to cut grooves in 


the babbitt lining as shown in Fig. 269 at B and D. ‘These 
18 
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grooves on a 50-h.p. motor may be 1 in. deep and 3¥¢ in. 
wide. Each groove has three holes drilled through the bearing 
shell to convey the oil collected by the grooves into the oil well. 
These grooves are just as effective with a split as with a solid 
bearing. It is impossible here to go into the various causes of 
oilleakage. The grooves assuggested are a general remedy and 
may correct many oil-leakage difficulties. See Art. 233 for in- 
formation relating to ball bearings for electrical machinery. 
419. To Locate a Short-circuited Coil in an Alternating- 
current Motor or Generator there are several methods which 
may be used. Which one is most applicable is determined by 
the conditions of the case. Frequently a short-circuited coil 


Sheet Iron Feeler 


Exploring | 
Colla 


Armature-* ‘ 


Armature; 
Laminations~* 


ib eas 


Fig. 269.—Grooves to prevent oil Fria. 270.—An “‘inducer”’ or ex- 
leakage. ploring-coil for locating short- 
circuited coils. 


will ‘‘burn out,’ that is, the insulation will be charred com- 
pletely from it, in which case the identification is obvious. 
When this occurs it is usually possible to cut out the short- 
circuited coil, to close the circuit and continue operation. 
Often such a coil will not become sufficiently heated to burn 
out, but can be located by feeling with the hand because of its 
excess temperature above that of the adjacent coils. Where 
a motor is under consideration, the machine can be operated 
for a time until the short-circuited coil heats so that it can be 
located with the hand and then it should be marked with a 
piece of chalk for future identification. 

420. An “Inducer” for Locating Short-circuited Coils* is 
illustrated in Fig. 270. This device, the principle of operation 

* Exucrricau Revinw, Aug. 29, 1914, p. 425, : 
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of which is similar to that of the one described in Art. 207, 
has been used successfully for locating short-circuited coils. 
A C-shaped soft-iron core, N (preferably laminated) is pro- 
vided with a winding having sufficient reactance so that when 
the coil is connected across the available (a 110-volt line will 
do) alternating-current line, it will not overheat. The coil 
may otherwise be of any reasonable proportions. When this 
exploring coil is placed over the core laminations, A, and rests 
over a slot in which one side of a short-circuited coil lies, the 
exploring coil will induce sufficient current in this short-cir- 
cuited coil to set up a magnetic flux across the slot, S (Fig. 
270), which can be detected with a soft sheet-iron feeler, F. 
Hence, to use an exploring coil of this type, shift the energized 
coil around the entire interior circumference of the stator, at 
the same time holding the feeler at a distance from the gap of 
the exploring coil, equal to the pitch of the coils. 


SECTION 12 


TESTING OF ALTERNATING-CURRENT GENERATORS 
AND MOTORS 


421. An Alternating-current Generator Excitation or Mag- 
netization Test is diagrammed in Fig. 271.. The object of 
this test is to determine the change of the armature voltage, 
due to the variation of the field current, when the external 
circuit is open. As shown in Fig. 271 the field circuit is con- 
nected with an ammeter, J, and a rheostat, R, in series with 
a direct-current source of supply. The resistance of the rheo- 
stat is varied, and readings of the voltmeters across the arma- 
ture coils and of the ammeter, are recorded. The generator 
speed must be kept constant, preferably at the normal speed 
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Fic. 271.—Arrangement of apparatus for determining data for plot- 
ting a magnetization graph of a three-phase, alternating-current 
generator. 


which is specified on the nameplate. By plotting the current 
and the voltage values thus obtained on squared paper the 
excitation or magnetization graph of the machine will be the 
result. 

422. A Synchronous-impedance Test of an Alternating- 
current Generator may be made as indicated in Fig. 272. 
In determining the regulation of an alternating-current gen- 
erator, it is necessary to obtain what is called the “‘synchro- 
nous impedance” of the machine. To do this, the field is 
connected, as shown. The voltmeters (Hi;, Hz and Es) are 
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removed and the armature short-circuited with the ammeters 
(11, Iz, and J) in circuit. The field current, I;, is then varied, 
the armature driven at synchronous speed, and the arma- 
ture current measured by the ammeters. The relation be- 
tween field and armature amperes is then plotted on squared 
paper. A combination of the results of this test, with those 
obtained from the test shown in Fig. 271, is used in the deter- 
mination of the regulation of a generator. Engineers differ, 
however, as to application of the values obtained as above 
to the determination of regulation. Methods of combining 
the results will not, therefore, be discussed here. 

423. A Load Test of a Three-phase, Alternating-current 
Generator may be made by means of the connection shown 
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Fig. 272.—Equipment for making a load test on a three-phase alternat- 
ing current generator. 


in Fig. 272.. Readings of armature current and field amperes 
are obtained at any desired load. The field current, Jy, can 
be varied also so as to maintain constant armature voltage 
irrespective of load, or the field current may be kept constant 
and the armature voltage allowed to vary as the load in- 
creases. The connections may also be used to make a tem- 
_ perature test on the generator by loading it with an artificial 
load. In some cases after the generator is installed the ar- 
rangement shown may be used to make a temperature test, 
loading the machine with the actual commercial load the 
generator is serving. 

424. In Testing Alternating-current Generators for Insu- 
lation Resistance, the same general methods (Art. 245) may 
be followed as with direct-current machines. 
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425. For Determining the Brake Horse-power Output and 
the Torque of Alternating-current Motors the same Prony- 
brake methods (See Art. 237) that are used with direct-current 
motors are employed. Refer to Sec. 5, “Testing of Direct- 
current Motors and Generators,” for further information. 

426. With Very Large Machines Under Test, it is inadvis- 
able to use the above method as it is sometimes difficult to 
so adjust the pulleys and belt tension that the belt slip will 
be just right to compensate for the difference in the diameters 
of the pulleys, and very violent flapping of the belt results. 
To meet such conditions various other methods have been 
devised. One which gives consistent results is the following: 
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Fic. 273.—Equipment for making a temperature test of a large three- 
phase generator or synchronous motor. 


Supply the rotor with normal field current. The stator, S, is 
connected in open delta (Fig. 273) and full-load current sent 
through it from an external source of direct current. Care 
should be taken to ground one terminal of the direct-current 
generator, as at G, so as to eliminate danger of shock, to at- 
tendants, due to the voltage on the stator winding. The 
rotor is then driven at synchronous speed. 

If the stator is designed for 2,300-volt star connection, the 
voltage generated in each leg of the delta will be 1,330 volts, 
and unless one leg of the direct-current generator were 
grounded, the tester might receive a severe shock by con- 
tacting with the direct-current circuit. The insulation of the 
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direct-current machine will also be subjected to abnormal 
strain unless one terminal is grounded. 

By the above method the rotor is subjected to its full 
copper loss and the stator to full copper loss and core loss. 
Temperature readings are taken as recommended in the 
STANDARDIZATION Ruies or tHE A. I. E. E. This method 
may also be used with satisfactory results on large three- 
phase motors of the wound-rotor type. 

427. The Method of Measuring the Input of a Single- 
phase Motor of any type is shown in Fig. 274, the ammeter, 
voltmeter and wattmeter being connected as indicated. The 
ammeter, A, measures the current flowing through the motor, 
the voltmeter, C, the e.m.f. across the terminals of the motor, 
and the wattmeter, B, the total power which flows through 
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Fic. 274.—Instruments and connections for measuring the input of a 
single phase motor. 


the motor circuit. With the connections as shown, the watt- 
meter would also measure the slight losses in the voltmeter 
and the potential coil of the wattmeter, but for motors of 
1% h.p. and larger, this loss is so small that it may be neg- 
lected. The power-factor may be calculated by dividing the 
true watts as indicated by the wattmeter, by the product of 
the volts and amperes. 

428. A Three-phase Generator or Synchronous-motor 
Temperature Test may be made as diagrammed in Fig. 275, 
which shows the arrangement usually employed in shop tem- 
- perature tests of these machines. The two generators or syn- 
chronous motors of same size and type are belted together, 
one, M, to be driven as a synchronous motor and the other, 
G, as an alternating-current generator. The method employed 
is to synchronize the synchronous motor, M, with the generator 
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or generators on the three-phase circuit, L, and then connect 
it to the line by means of a three-pole, single-throw switch. 
The alternating-current generator, G, is then similarly syn- 
chronized with the generator of the three-phase circuit and 
thrown on the line. By varying the field of the generator it 
can be made to carry approximately full-load. The motor 
will then also be approximately fully loaded. The usual 
method is to have the motor carry slightly in excess of full- 
load, and the generator slightly less than full-load. Under 
these conditions the motor will run a little warmer than it 
should with normal load, while the generator will run slightly 
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Fig. 275.—Method of making a temperature test of a three-phase gen- 
erator or motor. 


cooler. Temperature measurements are then made in the same 
way as discussed under three-phase motors. The necessary 
ammeters, voltmeters and wattmeters for adjusting the loads 
on the motors and generator are shown in the illustration. 
If the pulleys are of sufficient size to transmit the full-load 
with, say, 1 per cent. slip, the pulley on the motor should be 
1 per cent. larger in diameter than the pulley on the generator, 
so that the generator will remain in synchronism and, at the 
same time, deliver power to the circuit, L. 
429. To Determine the Approximate Input Load on a Three- 
phase Motor by the Voltmeter and Ammeter Method the ar- 
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rangement shown in Fig. 276 may be used. The current 
through one of the three lines and the voltage across one phase 
ismeasured. If the voltage is approximately the rated voltage 
of the motor and the amperes the rated current of the motor 
(as noted. on the nameplate), it may be assumed that the 
motor is carrying approximately full-load. If, on the other 
hand, the amperes are much in excess of full-load rating, it is 
evident that the motor is carrying an overload. The heat 
generated in the copper varies as the square of the current. 
That generated in the iron varies anywhere from the 1.6 power 
to the square of the current. This method is exceedingly 
convenient if a wattmeter is not available, although it is, of 
course, of no value for the determination of the efficiency or 
power-factor of the apparatus. This method gives fairly 
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Fia. 276.—Connections for determining the load on a three-phase motor 
by the approximate ‘‘voltmeter-and-ammeter” method. 


accurate results, providing the load is fairly well balanced on 
all three of the phases of themotor. If there is much difference 
in the voltages across the three phases, the ammeter should be 
switched from one circuit to another, and the current measured 
in each phase. If the motor is very lightly loaded and the 
voltage of the different phases varies by 2 or 3 per cent., the 
- current in the three legs of the circuit will vary 20 to 30 per 
cent. 

430. Where an Accurate Input Test of a Three-phase 
Motor is Desired the ‘““Two-wattmeter”’ Method is Used.— 
This is illustrated in Fig. 277. Assume that the motor is 
loaded with a Prony brake so that its output can be deter- 
mined. This method gives correct results even with consider- 
able unbalancing in the voltages of the three phases. With 
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the connections as shown, the sum of the two wattmeter read- 
ings gives the total power in the circuit. Neither meter by 
itself measures the power in any one of the three phases. In 
fact, with light-load one of the meters will probably give a 
negative reading, and it will then be necessary to either re- 
verse its current or potential leads in order that the deflec- 
tion may be noted. In such cases the algebraic sums of the 
two readings must be taken. In other words, if one reads + 
500 watts and the other — 300 watts, the total power in 
the circuit will be: 500 — 300 = 200 waits. 

As the load comes on, the readings of the instrument which 
gave the negative deflection will decrease until they drop to 
zero, and it will then be necessary to again reverse the po- 
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Fie. 277.—Connections of instruments for determining the load on a 
three-phase induction motor by the ‘‘two-wattmeter” method. 


tential leads on this wattmeter. Thereafter, the readings of 
both instruments will be positive, and the numerical sum of 
the two should be taken as the measurement of the load. If 
one set of the instruments is removed from the circuit, the 
reading of the remaining wattmeter will have absolutely no 
meaning. As suggested above, it will not indicate the power 
under these conditions in any one phase of the circuit. The 
power-factor is obtained by dividing the actual watts input by 
the product of the average of the voltmeter readings X the aver- 
age of the ampere readings X 1.73. 

431. The Three-phase-motor Input Test, Polyphase-watt- 
meter Method is identical with that described above except. 
that the polyphase wattmeter itself combines the movements 
of the two wattmeters. Otherwise the method of making the 
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measurements is identical. If the power-factor is known to be 
less than 50 per cent., connect one of the wattmeter movements 
so as to give a positive deflection; then disconnect move- 
ment 1 and connect movement 2 so as to give a positive de- 
flection. Then reverse either the potential or current leads 
of the movement giving the smaller deflection, leaving the 
remaining movement with the original connection. The read- 
ings now obtained will be the correct total watts delivered 
to the motor. 

If the power-factor is known to be over 50 per cent., the 
same method should be employed, except that both movements 
should be independently connected to give positive readings. 
An unloaded induction motor has a power-factor of less than 
50 per cent., and may, therefore be used as above for determin- 
ing the correct connections. Fora better understanding of 
the reasons for the above method of procedure, it is suggested 
_ that the discussion of power measurement by the two-watt- 
meter method (Art. 480) be read. 

The power-factor may be calculated as under the test pre- 
viously described in Art. 427. Connect as per Fig. 277. The 
- following check on the connections may be made. Let the 
polyphase induction motor run idle, that is, with no load. 
The motor will then operate with a power-factor less than 50 
per cent. The polyphase meter should give a positive indi- 
cation, but if each movement is tried independently one will 
be found to give a negative reading, the other movement will 
give a positive reading. The movements can be tried inde- 
pendently by disconnecting one of the potential leads from 
the binding post of one movement. When the power-factor 
is above 50 per cent. then both movements will give positive 
deflection. 

432. The ‘‘One-wattmeter-method,’ Three-phase-motor 
Input Test is equivalent to the two-wattmeter method with 
the following difference. A single voltmeter (Fig. 278) with 
a switch, A, can be used to connect the voltmeter across 
either one of two phases. Three switches, B, C and D, 
are employed for changing the connection of the ammeter 
and wattmeter in either one of the two lines, With the 
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switches B and D in the position shown, the ammeter and 
wattmeter series coils are connected in the upper line. The 
switch C must be closed under these conditions to close the 
middle line. Another reading should then be taken before 
any change of load has occurred, with switch A thrown 
down, switch B closed, switch D thrown down and switch 
C open. The ammeter and the current coil of the watt- 
meter will then be connected to the middle line of the motor. 

To prevent any interruption of the circuit, the switches 
B, D and C should be operated in the order given above. 
With very light load on the motor, the wattmeter will 
probably give a negative deflection in one phase or the other, 
and it will be necessary to reverse its connections before 
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Fie. 278.—Arrangement of circuits for testing a three-phase motor 
by the ‘‘one-wattmeter”’ method. 


taking the readings. For this purpose a double-pole, double- 
throw switch is sometimes inserted in the circuit of the po- 
tential coil of the wattmeter so that the indications can be 
reversed without disturbing any of the connections. It is 
suggested, that, before undertaking this test, the instructions 
for test by the two-wattmeter (Art. 480) and by the poly- 
phase-wattmeter (Art. 431) methods be read. 

433. The “‘One-wattmeter-and-Y-box” Method of Testing 
the Input of a Three-phase Motor, a diagram for which is 
shown in Fig. 279, is of service, only, where the voltages of 
the three phases are the same. A slight variation in the 
voltages of the different phases may result in a very large 
error in the readings of the wattmeter, and inasmuch as the 
voltages of all commercial three-phase circuits are more or 
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less unbalanced, this method is not to be recommended for 
motor testing. With balanced voltages in all three phases, 
the power is: that indicated by the wattmeter, multiplied by 
3. Power-factor may be calculated as described above. 
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Fic. 279.—Method of testing a three-phase motor with one wattmeter 
and a Y box. (To be used on balanced circuits only.) 


434, The Method of Testing for the Input of a Three- 
phase Motor Where the Neutral of the Motor has Been 
Brought Out is diagrammed in Fig. 280. Some star-con- 
nected motors have a connection from the neutral point 

brought outside of the motor frame of the stator or armature 
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Fig. 280.—‘‘ Single-wattmeter’’ method of testing a three-phase motor 
which has the neutral brought outside the frame. 


winding. In this case the testing circuit may be connected 
as shown. The voltmeter, ZH, measures voltage between the 
neutral and one of the lines, and the wattmeter, P, the power 
in one of the three phases of the motor. Therefore, the total 
power taken by the motor will be 3 times the wattmeter read- 
ings. By this method, as accurate results may be obtained 
as with the two-wattmeter method. The power factor will 
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be: the indicated watts divided by the product of the indicated 
amperes and volts. 

435. The Temperature Test of a Three-phase Induction 
Motor may be conducted as delineated in Fig. 281. ‘Tempera- 
ture tests are usually made on small induction motors by 
belting the motor to a generator and loading the generator with 
a lamp-bank or resistance until the motor input is equal to 
full-load input. If, however, the motor is of considerable size 
so that the cost of the energy expended in making the test 
becomes a large item in the expense of testing, the method 
shown in Fig. 206 may be employed. ‘Two motors, preferably 
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Fia. 281. Senne aa arrangement thereof for conducting a tem- 
perature test of a large three-phase induction motor. 


of size the same and type, are required. One, M, is driven as 
a motor and runs slightly below synchronism, due to its slip 
when operating under load. Thismotor is belted to the second 
machine, G. If the pulley of the second machine is smaller 
than the pulley of the first the second will then operate as an 
induction generator, and will return to the line as much power 
as the first motor draws from the line, less the losses of the 
second machine. 

By selecting the ratio of pulleys properly, the first machine 
can be caused to draw full-load current and full-load energy 
from the line. In this way, the total energy consumed is 
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equivalent to the total of the losses of both machines, which is 
approximately twice the losses of a single machine. Fig. 277 
shows the connection of the wattmeters (without necessary 
switches) for reading the total energy by the two-wattmeter 
method. Detailed connections for the wattmeter are shown 
in Fig. 278, It is usual, in making temperature tests, to insert 
one or more thermometers in what is presumed to be the ~ 
hottest part of the winding, one on the surface of the laminez 
and one in the air duct between the iron laminez. The test 
should be continued until the difference in temperature 
between any part of the motor and the air reaches a steady 
value. The motor should then be stopped and the tempera- 
ture of the rotor also measured. For the method of testing 
wound-rotor type induction motors of very large size, see 
Fig. 273. For the approved procedure in taking tempera- 
ture readings and interpreting results, see the STANDARDIZA- 
TION Ruues oF THE A. I. EB. E. 


SECTION 138 


TEST DETERMINATION OF MOTOR-DRIVE POWER 
REQUIREMENTS 


436. It is Important Thata Reasonably Accurate Determina- 
tion of the Power Required to drive a certain machine or a 
group of machines be made before the motor for the drive is 
purchased or ordered. Money expended in this direction is 
always well spent. The reason for this is that the tendency 
is usually to select a motor considerably larger than is actually 
necessary for a certain drive. Hence, the difference in cost 
between a motor that is selected on the basis of an actual test 
and the one that probably would have been selected had the 
test not been made, often represents a very material saving in 
capital expenditure. Such a test is particularly desirable 
where a motor to pull a group drive is to be installed, because 
the power requirement of a group of machines is a quantity 
that is difficult, if not impossible, of accurate estimation. It 
is the purpose of this article to describe some simple methods 
and apparatus whereby the power requirements of ordinary 
group or machine-tool drives can be economically ascertalias 
with sufficient precision for commercial purposes. 

437. Machine-tool Builders and Motor Manufactucer 
Often Over-estimate the Horsepower Required of a motor 
because their tendency is, obviously, to “‘be on the safe side.” 
This is particularly true of the tool builders. These concerns 
are often requested to advise as to the proper horse-power 
rating of a motor to drive a given machine. Where a motor 
that is larger than is necessary is recommended and installed 
the result is that it may operate most of the time at a fraction 
of full load at correspondingly reduced efficiency. In a large 
installation, the unnecessary electrical losses and the interest 
and depreciation on the unjustified extra investment may total 
to a very considerable annual charge. 

288 
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438. To Determine the Actual Power Required to drive a 
given machine or load, probably the best and simplest method 
is to arrange a temporary motor belt-drive to the tool or load 
in question (Fig. 282) and then measure the input to this 
temporary motor. To determine the actual power required 
to drive the load there should be subtracted from the input of 

‘the motor (as measured with a wattmeter or with a voltmeter 
and an ammeter) the power losses in the motor, because motors 
are rated on the basis of their brake horse-power outputs. 

439. To Determine the Losses 
of the Testing Motor at various 
loads arrange the motor for a 
Prony-brake test (Art. 238) and 
thereby ascertain its input and 
output at various loads. From 
these data, a graph indicating 
the efficiency at any load can be 
plotted. Then, the valuesfrom 
this graph can be used in making 
the correction for motor effi- 
ciency suggested in the preced- 
ing paragraph. ‘That is, where 
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motor be calibrated—its effi- ratus for testing power input to 
5 5 machine tools. 

ciency at different loads must 

be known. It is often possible to obtain an efficiency curve of 
atesting motor from the manufacturer tothe machine. If such 
a graph is not attainable this efficiency data may be ascer- 
tained by testing as suggested above. The power output of a 
motor at any instant is equal to: the power input at the same 
_ instant multiplied by the efficiency of the mvtor, at the load which 
it is carrying at that instant. 

440. Frequently Such Refinements as Corrections for Effi- 
ciency are Considered Unnecessary because the purchaser will 
buy a motor of a rating which is standard with some manu- 

19 


290 ELECTRICAL MACHINERY [Art. 441 


facturer. Hence, with small motors—because it is always de- 
sirable to have a motor for any drive at least large enough— 
corrections for the efficiency of the test motor may prove an 
undesirable refinement. 
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Fig. 283.—Portable motor arranged to determine the power required by 
machine tools. 


441. There are Many Workable Arrangements for Test 
Motors.—Figs. 283 to 286 show some that have been applied 
in practice. It is usually desirable, if several determinations 
of power requirements are to be made, to mount the test motor 
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Fie. 284,—Another arrangement for a truck-mounted testing motor. 


on a truck so that it can be transported to any part of the plant . 
with a minimum expenditure of time and labor. After the 
portable test motor has been drawn to the machine or group 
which it is to drive, it, or the platform on which it rests, should ° 
be securely bolted (Fig. 283) or braced in position. In many 
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cases it is desirable to arrange a step pulley or counter shaft on 
the platform of the test motor (Figs. 285 and 286) to insure 
that the arrangement can be used 
to drive a machine or shaft rotat- 
ing at any reasonable speed. 
442. In Making a Test of the 
Power Required the motor is 
drawn to a convenient location 
near the machine, tool or shaft 
and a temporary belt drive 
arranged (Figs. 282 and 283) be- 
tween the driven device and the 
motor. Then the machine or 
group to be driven is subjected to 
_itsnormal cycle of operations and \ if 
in the meantime the power input Fic. 285.—A portable test motor 
of the motor is measured. equipped with a counter shaft. 
443. In Connecting the Test Instruments in the Motor Cir- 
cuit it is desirable that provision be made which will render 
it unnecessary to unsolder lugs or disconnect leads. This 
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Fic. 286.—Another form of portable test-motor-and-countershaft 
; equipment. 


feature is particularly important where it is necessary to de- 
termine the power input of some motor which is already in- 
stalled and in operation. Often the most expensive and tedi- 
ous part of the work of making such a power-input test of an 
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existing motor is that involved in connecting the instruments 
into the motor circuit. As suggested in Fig. 287 the most 
convenient and economical method of connecting the instru- 
ment in such a circuit appears to be that involving the appli- 
cation of ‘‘dummy’”’—fuse-connectors, the construction of cer- 
tain types of which are detailed 
in Figs. 288 to 291. In Fig. 287 
a direct-current testing motor 
is shown but the general scheme 
suggested is quite as applicable 
for three-phase-motors. How- 
ever, for testing a three-phase 
motor two “dummy” fuse-con- 
nectors will be required whereas 
for direct-current tests only one 
is necessary. 
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444, In Connecting Any Instrument with Dummy-fuse- 
connectors instead of disconnecting one of the leads to the 
motor, the series coil leads of the wattmeter or ammeter may 
be inserted at the cut-out by means of the dummy-fuse-con- 
nector. The connection is effected as shown at Fig. 287. 
One of the fuses is removed from the cut-out and in its stead 
is inserted (Fig. 288) a dummy-fuse-connector. The leads of 
the wattmeter or ammeter are connected—frequently perma- 
nently—to the binding post B and B! (Fig. 288) of the con- 
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nector. There isnoelectrical path directly through the dummy- 
fuse-connector because the old ‘‘ blown” fuse from which it was 
made was taken apart and the portions of the fusible conductor 
which it originally contained have been removed. The circuit 
of the motor must, therefore, be completed through the watt- 
meter—or an ammeter if an ammeter is used. Where a test 
is being conducted, as indicated in Fig. 287, a portable fuse 
is often inserted in the circuit which contains the dummy-fuse- 
connector so that the motor and the instruments will be pro- 
tected against over-load while the test is being made. Such 
a fuse is not always used, but to insure against accident 
should be. 


t-|- “Hole for Wire 


| | _--This Hole Should 
be Tinned inside ---|s! 


Drill Hole Through}, 4,“ Make Large 
Ring haters MM :4" Enough to 
than Diameter ~>= —¥ Admit Stove 
of Machine Bolt Nut. = 
Drill and--- 
Tap for 
Voltmeter 
Screw after 


Screw 


Brass 
Machine 
Screw 


Tin Ring 


--Metal ta be 
Vana st 3) N Cut away 
ot \ 
Equal to Diameter, Equal to Width of.’ SSS 
of Fuse Ferrule -~ Ferrule Minus 7 ~ SWAP 
I-End View I-Side View 1-Top View Il- Side View 
Fig. 289.—Details of connecting Fia. 290.—Lug with ‘“‘open hole” 
strap. for current leads. 


445. A Dummy-fuse-connector for 61- to 600-Ampere N, 
E. C. Standard Fuse Blocks is indicated in general construc- 
tion in Fig. 288. However, this illustration is dimensioned 
for a 101—200-ampere fuse. Connecting straps, which are de- 
tailed in Fig. 289, are soldered to the ferrules of what was a 
fuse. The terminals or binding posts may be arranged by 
soldering on to each of the connecting straps a nut, through 
which a brass machine screw, B and B', turns. Wattmeter 
or ammeter leads may be connected either by clamping them 
under the heads of the binding post (B and B') or they may be 
soldered into lugs of the type suggested in Fig. 290. For con- 
necting the voltage lead, a small brass machine screw, C, is ar- 
ranged to turn in a tapped hole in one of the connecting straps. 
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This hole should be drilled or tapped after the strips have 
been soldered to the ferrules. The other voltage lead can be 
connected to its side of the circuit by inserting its thin metal 
terminal lug or its bared end between the fuse knife blade 
and the corresponding contact clip. 

446. A “Forked” or “Open Hole” Lug of this type is desir- 
_able in that it may be clamped 

under the machine screw head on 

the connector without removing 

the screw entirely from its hole. 

The lug (Fig. 290) may be made 

by filing away from an ordinary 

Fig. 291.—“ Dummy-fuse”” ly the portion enclosed in the 
connector for a small capacity 4 ; ; 
national-clectrical-code-standard dotted lines in the illustration. 
(10-80 and 30-60) ferrule-con- 447. A  Dummy-fuse-con- 
tact fuse block. 

nector for Ferrule-contact Fuse 

Blocks may be arranged as detailed in Fig. 291. A brass strip 
constituting a terminal is soldered to each of the ferrules. 
Machine screws, provided with washers, turning in tapped 
holes in these strips provide for the connection of the ammeter 
or wattmeter leads. 
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Fie. 292.—‘‘Shot”’ fuse fitted with knife switch for shunting out ammeter 


448, A Shunting-out Switch may be arranged on a dummy- | 
fuse-connector as diagramed in Fig. 292. When the switch, 
S, is closed the ammeter or wattmeter connected across the 
dummy-fuse-connector, at A and B, is shunted out of circuit. 
As indicated in the illustration, the hinge and the jaw of a 
knife switch are respectively soldered to each of the ferrules © 
of the “blown” fuse. The lead from each of the ferrules to — 
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an ammeter or wattmeter may be soldered to the ferrules or 
connected thereto as detailed in Fig. 288. When inserting a 
dummy-fuse-connector of the type shown in Fig. 292 in a live 
circuit, arrange a shunted circuit around one of the fuses by 
placing a jumper between its terminal clips; then, pull out the 
fuse and insert the dummy-fuse-connector. Then, when the 
switch, S, is opened the current taken by the machine under 
test will flow through the ammeter or wattmeter. Hence, the 
operation of the motor continues uninterruptedly and produc- 
tion is not blocked. When the test has been completed the 
terminals of the cut-out are again shunted, the dummy-fuse- 
connector withdrawn and the ,— = 
intact fuse replaced before the | — Le ee 
shunted jumper is removed. or 

449. Graphic Instruments 
are Very Desirable for Record- 
ing Motor Power Input Tests. 
—A graphic wattmeter of one 
of the types which has been 
satisfactory for work of this 
character is illustrated in Figs. 
293 and 294. A graphic watt- 
meter will record on a strip of 
paper (Fig. 295) a graphic record 
of the power taken by the motor 
driving the machine, tool or 
group being tested at the dif- 
ferent instants of its operation. Such a curve constitutes a 
valuable permanent record and provides information which 
is difficult to obtain by any other method. Furthermore, 
where a curve-drawing instrument is used, it can be con- 
nected in the test-motor circuit and left there for a day or 
several days or for a month, during which period it will be 
automatically recording a graph of the performance and of the 
power taken by the motor. The graph indicates clearly just 
what are the maximum average and minimum power inputs 
to the motor and it shows the time relation between them. 
Where a company is purchasing a considerable number of 


Fic. 293.—A portable graphic © 
meter. 
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motors, a graphic instrument will usually pay for itself in less 
than a year by enabling its owner to select motors of the small- 
est capacity which will do the work. 


_ Dust-Proof Cover .. 


Back . of Case Hondle-. “4 


Indicating 
Pointer 


1 

i 
H 
t 


j ' 
‘Window 


I= The 


—= PELL A 
ay kph 7-103 "legs Sk ol at 
ic Ig ST} 


4 | 
i 


I-Graphic Ammeter Record 


Fic, 295.—Graphic-ammeter record indicating the power required to 
“rough out” the steel shaft illustrated. 


450. Graphic Ammeters are sometimes used instead of 
graphic wattmeters for motor test work and on direct-current 
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circuits where the voltage regulation is reasonably good they 
may, in certain cases, be preferred to graphic wattmeters. 
The reason for this is that the ammeter is simpler than the 
wattmeter and more readily connected by inexperienced men | 
than is the wattmeter. Such a direct-current, graphic am- 
meter will draw graphs which, by taking into account the 
voltage (which is assumed to be constant) can be calibrated 
in watts or horse-power. However, for alternating-current 
work, particularly where low power-factors are encountered 
and where, therefore, the current taken by a motor may not be 
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Fic. 296.—Portable stand for graphic wattmeter. 


at all proportional of the actual power consumed, a wattmeter 
must be used. 

451. One Graphic Instrument Can be Used to Record the 
Inputs to Motors of Various Capacities by providing suitable 
shunts and multipliers for the direct-current instruments and 
series and shunt transformers for the alternating-current in- 
struments. It frequently occurs that the electrical manu- 
facturers do not regularly list these ‘ wide-range” outfits but 
will usually furnish data concerning them on application. 

452. A Stand for a Graphic Instrument, originally designed 
for switch-board mounting, can be constructed as shown in 
Fig. 296. Portable, graphic instruments (Fig. 293) are regu- 
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larly manufactured but it is sometimes necessary, for one rea- 
son or other, to use those of the switch-board type. The 
stand of Fig. 296 can be made of straight grained wood. The 
actual thickness of the backboard should be determined by the 
thickness of the switch-board panel for which the terminals and 
supporting studs of the instrument were designed. Fig. 297 
details the method of holding the nuts for the leveling screws. 

453. An Example of the Record of a Graphic Ammeter* 
connected in a machine-tool-drive motor circuit is represented 
in Fig. 295. This graph indicates the power consumption at 
different instants in “roughing out”’ the steel shaft shown at 
Fig. 2957. The graph reads continuously from the right to 
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Fia. 297.—Details of arrangement of leveling-screw nut. 


the left in accordance with the sequence of the time intervals 
shown along the lower line of the chart. The reference letters 
on the graph correspond with those indicated on the sectional 
view of the shaft. Hence, although the shaft was reversed 
fn position while it was being measured the power and time 
required to make the various cuts (shown by the cross-hatched 
portion in J) can easily be ascertained. 

454. To Ascertain the Energy Represented by a Graphic 
Power Record, the area included within the graph of the record 
can be ascertained with a planimeter. This area will be pro- 
portional to the energy (kwh) consumed during the period . 


represented by the graph. 
* Westinghouse Elec. & Manfg. Co. 
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455. The Practical Determination of the Torque Required 
to Drive or Start a Given Load may be effected as suggested in 
Figs. 298 and 299. With the method of Fig. 299 a wooden 
clamp is bolted on the belt 
driving the load and the actual 
torque measured by pulling on 
a spring balance fastened to the 
clamp. The force, in pounds, 
which the spring balance meas- 
ures will be the force required 
to start the load at the radius, = 
L. The torque is obtained by Fra. 298.—Ascertaining by test 
multiplying this force by the ee ers poder YY measuring 
length of the lever arm, L. In paeies ae aaa 
pulling on the balance, it should be held parallel to the belt. By 
applying the torque formulas given in Art. 237—the speed and 
diameter of the driven pulley being known—the horse-power re- 
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Fic. 299.—The determination with a spring balance of the torque re- 
quired for a belt drive. 


quired by the drive may be readily computed. Where the 
driving motor transmits its power to the load through a coup- 
ling, the scheme suggested in Fig. 298 may be utilized. The 
direction of the pull on the spring balance must be at right 
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angles to an imaginary line passing through the center of the 
shaft and through the point where the balance is attached to 
the testing lever. Where a machine is gear-driven, the torque 
may be ascertained by placing the hook of a spring balance 
over one of the arms of the gear and pulling thereon, noting 
the pounds force required to start and to move the load. 


SECTION 14 


MOTOR-GENERATORS AND FREQUENCY 
CONVERTERS 


456. A Motor-generator Set* is Defined thus: ‘“‘A trans- 
forming device consisting of a motor mechanically coupled to 
one or more generators.” 

457. A Motor-generator Set Comprises two electrically dis- 
tinct elements, a motor and a generator coupled mechanically 
together and usually mounted on the same bed plate. The 
motor and the generator may each be of any commercial type. 
See Fig. 300. A motor-generator converts electrical energy 


_Direct-Current Generator. oe (Alterna ring: “currehrt Induction Motor 


Generaror 


Fig. 300.—A ‘‘Ridgway” motor-generator set. The 210-h.p., 2200- 
volt, 3-phase, 60-cycle, induction motor drives two 70-kw., 125-volt, 
700-r. p.m. direct-current generators. 


from one voltage or frequency to some other voltage or fre- 
quency or from alternating to direct current. Where the 
motor is operated by alternating current, a synchronous motor 
is frequently used because of its ability to correct low power- 
factor, but an induction motor may be used. The motor or 
generator may be either alternating current or direct current. 
Figs. 111, 112 and 113 show a motor-generator mine-hoist 
outfit; refer to the text accompanying these illustrations for 
information relative to this application. 


* STANDARDIZATION Rup 104, A. 1. HE. E., June 28, 1916. 
301 
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458. Alternating-current Motor, Direct-current Generator 
Sets (Fig. 301) are used to obtain a direct e.m.f. where the 
source of energy is an alternating one. The alternating-cur- 
rent motor may be of either the induction or the synchronous 
type, each of which has its advantages for certain applications, 
as suggested below. 

459. An Induction-motor Drive for a Motor-generator Set 
has in its favor the features of low first cost and simplicity. 
Induction motors may be wound for high pressures—as great 
as 13,000 volts—which, in many cases, will render the use of 
transformers unnecessary. Because of the fact that induction 
motors have a lower speed at full-load than at no-load (Art. 
316), where it is desired that the direct-current generator 
driven by such a motor maintain a constant voltage, the gen- 
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Fia. 301.—Illustrating the application of a motor generator. 


@ Generator 


erator must be suitably over-compounded to maintain close 
voltage regulation. 

460. A Synchronous-motor Drive for a Motor-generator Set 
is probably the more frequently used, particularly for sets of 
considerable output. An important advantage of the syn- 
chronous-motor drive is that an over-excited synchronous 
motor acts as a synchronous condenser (Art. 342) and hence 
may be utilized in improving the power-factor of the supplying 
system. Due to the fact that the synchronous motor (Art. 
342) is inherently a constant-speed motor, where a direct- 
current generator is driven by one, the voltage on the direct- 
current circuit can be maintained practically constant at all 
loads regardless of the alternating-current voltage and of the 
distance of the motor-generator set from the energy-supplying | 
station. 
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461. In Constructing Motor-Generators, the electrical 
manufacturers ordinarily use a standard motor and a standard 


. i ee : 
Fic. 302.—Showing two 1,500-kw. and one 1,000-kw. Allis-Chalmers 


synchronous motor-generator sets being tested in that company’s 
shops. 


generator or standard generators, mounting them on a com- 
mon bed plate (as suggested in Figs. 302, 303 and 308). 


Direct-Current . 


Synchronous. Motor 
Sean : . ‘Generator 


Fig. 303.—A 100-kw. synchronous motor-generator set. (A 250-275- 
volt, d.c. compound-wound generator and a 60-cycle, three-phase, 
_ 2,300-volt synchronous motor.) 


: Common Bedplate “gat 


462. The Rotating Element Of A Motor-Generator Set 
- (Fig. 304) comprises the rotor of the motor and of the generator 
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or generators of the set mounted on the same shaft (Fig. 304) 
or mounted on separate shafts and (Fig. 301) coupled together. 

463. A. Direct-Current Motor, Direct-Current Generator 
Set may be used where it is required to produce direct-current 
electrical energy of a voltage higher or lower than that avail- 
able from the supply mains. For illustration, a 250-volt 
direct-current motor may be used to drive a 500-volt generator, 
or the reverse. A dynamotor (Art. 467) may be used for this 
service also, and is a cheaper machine in first cost, but with it 
the voltage on the secondary circuit cannot be varied without 
a corresponding variation in the primary circuit voltage. 
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Fria. 304.—Rotating element from a Westinghouse synchronous motor- 
generator set. 


464. In Starting Motor-Generator Sets where the motor is of 
the induction type, the same starting equipment is used as that 
for starting an induction motor (Arts. 366 to 379). In 
starting synchronous motor-generator sets the method is 
essentially the same as that used for starting any synchronous 
motor. The motor is usually started as an induction motor 
(Art. 371)—its rotor being provided with a damper winding— 
from low-voltage taps from transformers or auto-transformers. 

465. High-Voltage Direct-Current Generator, Synchron- 
ous-Motor Sets have become of importance recently because 
of the high direct-current voltages now employed in direct- 
current interurban and trunk-line railway work. For this 
service two 750-volt direct-current generators connected in 
series (Fig. 3805) may be used to produce the 1,500 volts 
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impressed between the trolley wire and ground. These two 
generators are frequently driven by one synchronous motor as 
suggested in the illustration. In practice it is necessary 
to provide with these sets a rather complicated protection 
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Fia. 305.—Diagram of principal circuits of a Westinghouse switchboard 
for a high-voltage, motor-generator set. 


equipment to insure against damage due to conditions which 
may occur in practice. This is particularly true where the 
direct-current generators of several sets feed into the same 
control system, but are supplied from separate alternating- 


current sources. Experience has indicated that in such sys- 
20 
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tems it is necessary, on the direct-current side, to provide 
overload O (Fig. 305), reverse-current, R, and shunt trips, S. 
Furthermore, the alternating-current circuit breakers should 
have both overload and no-voltage trips, all as indicated in 

Fig. 305. | 


Nore.—Tue Function Or Tue Reverse-Current Rexay, R, on the 
direct-current side is to provide against motoring the set if, for any reason, 
the alternating-current power should fail on one of the generating systems 
or feeders. This relay also provides against a possible reversal of the 
polarity of the field of the direct-current machines, which would result 
if there should be an increase of voltage at the instant of motoring, as 
this would cause a heavy rush of current into the machine. The reverse- 
current relay should be arranged to trip out first the alternating-current 
and then the direct-current circuit breaker, the two being electrically 
interlocked; the object being to open both circuit breakers and completely 
disconnect the motor-generator set from the system in case this relay 
operates, thus removing all possible chance of the power coming on again 
with an out-of-phase or stationary motor connected to the system. 

Norr.—Tue Low-Vourace Corrs On THe ALTERNATING-CURRENT 
Crecuir BREAKERS should be set to operate on a voltage drop of approxi- 
mately 50 per cent. of normal, which is sufficient to cause the motors to 
slow down and fall out of step. This low-voltage protection also insures 
against the possibility of full voltage being impressed on the windings of a 
motor which has slowed down or is at rest, in case the operator failed to 
open the alternating-current circuit breaker when the power failed. In 
stations having more than one motor-generator set, the low-voltage 
attachment may be applied either to the alternating-current circuit 
breakers on the individual sets or to the main station circuit breaker. 

Nore.—TueE Overtoap Corns on both the alternating-current and 
direct-current circuit breakers provide protection against all possible 
overloads. The trip on the direct-current circuit breaker should be 
adjusted to take care of all ordinary overloads, and that on the alter- 
nating-current side should be set high enough to operate only on extreme 
overloads or short-circuits. The above notes are abstracted from an 
Eectric JourNAL article by E. F. Nelson, “Automatic Protection Of 
Motor-Generator Sets.” 


466. Motor-Generators Are, In Some Cases, Preferable To 
Synchronous Converters for converting from alternating to 
direct current in that the voltage on the direct-current side of a 
motor-generator is independent of the ordinary changes in the 
alternating-current voltage. With a synchronous converter - 
(Art. 487) the direct-current voltage changes with the alter- 
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nating-current voltage. A motor-generator usually costs more, 
has a lower efficiency and requires more floor space than an 
equivalent synchronous converter. See Sec. 15. 

467. A Dynamotor is a transforming device combining both 
motor and generator action in one magnetic field, either with 
two armatures, or with one armature having two separate 
windings and independent commutators. (Standardization 
Rule No. 4005 A. I. E. E.) 


a Field-Pole Ss 


Se 
b 

q 

pee ay 


~Commutator 


Armature 


Fra. 306.—Illustrating the principle of the dynamotor. (The armature 
is provided with two separate windings. One winding is connected to 
commutator A and the other winding is connected to commutator B.) 


Note.—TuxHeE PrincipLteE Or Toe DynamorTor is illustrated in Fig. 306. 
The armature, M, is provided with two separate windings. One winding 
is connected to one commutator A, and the other winding is connected 
to the other commutator B. If B is connected to a source of direct- 
’ current, the armature will be driven as a shunt motor. This by means 
- of the second winding will generate a direct e.m.f. at A. The voltage 
‘thus generated at A will be in the same proportion (approximately) 

to the voltage supplied to B as the number of armature inductors which are 
-eonnected to A is to the number of armature inductors connected to B. 

Therefore, the chief application of such a machine was to serve as a direct- 
current step-down transformer. On account of the fact that direct 

current is now seldom ever used for transmitting energy over long 
distances, the manufacture of dynamotors has been practically 
' discontinued. 


468. A Direct-Current Compensator or Balancer (Adapted 
from A. I. E. E. Standardization Rule 4006) is a machine which 
' comprises two or more similar direct-current machines (usually 
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with shunt or compound excitation) directly coupled to each 
other and connected in series across the outer conductors of a 
multiple-wire distribution system. They are often used for auto- 
matically maintaining equal potential between the outside wires, 
W, Fig. 307, and the neutral, N, of a three-wire direct-current 
system. They are also sometimes used in office buildings for 
changing a two-wire supply 
to a three-wire distribution 
for lighting. 

469. A Double-Current 
Generator is defined (A. I. 
E. E. Standardization Rule 
4007) as one which supplies 
both direct and alternating 

Fi@. 307.—A direct-current bal-  eyrrents from the same arma- 
ancer consisting of two armatures care: : 

A and B mounted on same shaft. ture winding. Thus, if a 
(ie sri and, shunt felt. synchronous converter (Ses 
15) is driven by some ex- 
ternal source of power, it will deliver both alternating and 
direct current. However, if a synchronous converter is used 
in this way, the capacity of the machine is materially 
decreased. Difficulties in regulation and commutation are 
also experienced. Consequently such an application of a 
synchronous converter is undesirable. About the only 
practical use for a double-current generator is for laboratory 
purposes. . 

470. A Frequency Converter, Or Frequency Changer, is 
defined (A. I. E. E. Standardization Rule 4012) as one which 
converts the power of an alternating-current system from one 
frequency to another, with or without a change in the numbet 
of phases, or in the voltage. The most-commonly used type of 
frequency converter is the motor-generator. See following 
articles of this section. 

471. A Frequency Converter Motor-Generator Set is one 
consisting of an alternating-current motor and an alternating: 
current generator each of a different frequency. For illustra: 
tion (Fig. 308) a 25-cycle motor may drive a 60-cycle genera- 
tor. The motor must be of the synchronous type if it ij 
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necessary that the frequency of the supplied circuit be main- 
tained constant because (Art. 316) the speed of an induction 


motor decreases with the load. Frequency converters are 


he 


used when the frequency of the supplied circuit must be 
different from that of the supply circuit. In other words, 
they must be installed where it is necessary to interchange 
power between two circuits or systems of different frequencies. 


EXxampLe.—Hlectrical energy is developed at the Keokuk hydroelec- 
tric plant at 25 cycles and transmitted at that frequency to St. Louis and 
to other localities. However, inasmuch as a frequency of 60 cycles is, in 
general, more desirable for lighting—because the “flicker” of incandes- 
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Fic. 308.—Illustrating the application of a frequency-converter motor 
generator. 


cent lamps which occurs with 25 cycles is not visible with 60 cycles— 
and furthermore, since 60-cycle motors of given outputs and speeds cost 
less than do equivalent 25-cycle motors, a frequency of 60 cycles is used 
in St. Louis and in most of the other communities supplied from this 
plant. Hence, at each of these localities where 60-cycle energy is utilized, 
a frequency converter—a 25-cycle synchronous motor driving a 60-cycle 
generator—has been installed. 


472. The Two Machines Of A Frequency Converter Are 
Mechanically Coupled Together hence the speed of both 
machines must be one which will, considering the number of 
poles of each, provide the correct frequency. Where the ratio 
of the two frequencies is an even number, the result is readily 
obtained. For instance (Fig. 309-/7) for converting from 25 
to 50 cycles the generator should have twice as many poles as 
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the motor. Often the frequencies involved are 25 and 60. 
The following tables show some synchronous speeds for 25- 
and 60-cycle machines. 


Moftor--. Generator, Mot Comergi ra, 
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1-40 To 60 Cycles I-25 To-625 Cycles 
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(4 And 8 Poles) (0 And 24 Poles) 


Fie. 309.—Diagrams of frequency-converter rotors for different fre- 
quency transformations. 


Synchronous speed 
Number of poles 


25 cycles ; 60 cycles 
SPRDOIOS aeaoie. << kale sharon isles Grsens eee 1,500 3,600 
2135 010) (os ree LA Rie Mich eect i 750 1,800 

6ipolesissvs.<a% cae ee hai See 500 1,200 © 
S2polesiti..3 tise Rk aaa eats 375 900 
LO polesi& {sauces eee Oa Oe onic 300 720 
14 POLES ai Jas HPA Ouse coor 214.27+ 514 
1S! poles. :.a50. Ad. ue Aehente oaleaee eee 166.6+ 400 
20 poles f.\. & sada wou ae eee eee 150 360 
QA Poles ie )ct ces ns De ey eee ere 125 300 


Norre.—From the table it is evident that the only pole combinations 
that give precisely the same speed are 10 poles for 25 cycles and 24 
poles for 60 cycles. Hach gives 300 r.p.m. ‘This is a low speed and the 
cost of a set of such a speed is relatively high. For practical purposes a 
frequency of 6214 cycles can often be used instead of 60. A four-pole, 
750-r.p.m., 25-cycle motor driving a ten-pole generator will provide 624 
cycles. : 


Sy Se. 


Src. 14] MOTOR-GENERATORS, FREQUENCY CONVERTERS 8 1 1 


473. The Construction Of A Frequency Converter involves 
the mounting of an alternating-current motor and an alter- 
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Fia. 310.—A 1,250-kva. Westinghouse frequency converter. 


nating-current generator (Fig. 310) of the proper capacities 
and frequencies on a single bed plate. Frequently a small 
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Fra. 311.—Rotor of a Westinghouse synchronous-motor frequency-con- 
verter set. 


direct-current exciter (see Art. 475) is included in the set. 
The rotating element, Fig. 311, comprises two revolving fields, 
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the one for the motor usually being provided with a damper 
winding so that the set may be self-starting. 

474. The Synchronizing Of Frequency-Converter Sets 
which are to operate in parallel is considerably more difficult 
than that of synchronizing generators which are to operate in 
parallel, inasmuch as it is necessary to synchronize with the 
frequencies of both the supplying and the supplied circuits. 
Thus, the motor may have been properly synchronized in the 
circuit which feeds. it, but the generator will be out of phase 
with the secondary circuit by 180 electrical deg. It is then 
necessary to reverse the current in the field of the machines 
with a switch provided for that purpose, before the correct 
relative positions of the two generator fields is obtained. 
That is, the machine is thereby caused to ‘‘slip a pole.” 


Norr.—A ConsipeRATION Or Tue Facts Witt SHow TxHat ONE 
ReversAL Or THE Potes Witt Not Necessarity Brine THE MACHINE 
Intro SyNCHRONISM because where both the motor and generator have a 
number of poles, there are a limited number of combinations in which 
generator and motor poles of one set are equivalent to those of the poles 
of the generator and motor of another set which is being operated in 
parallel. For a complete discussion of this subject, which is too involved 
for consideration here, the reader is referred to the data cited in the 
following articles: Parallel Operation of Frequency Changers, F. D. New- 
bury, ELtecrric JourNAL. Some Features Affecting the Parallel Opera- 
tion of Synchronous Motor-Generator Sets, J. B, Taylor, PRocrEDINGS 
A. I. EH. E., Vol. XXV, 1906, page 113. Operation of Frequency 
Changers, N. E. Funk, Procrnpinas A. I. E. E., July, 1913, page 1579. 


475. Direct-Connected Exciters For Frequency-Converter 
Sets (Fig. 310) may be mounted at either the motor or genera- 
tor end of the set. The capacity of the exciter may be such 
that it will supply direct-current excitation for the generator 
or motor, or both. Two exciters, one for the motor and one for 
the generator, are employed where the loads are extremely 
variable, inasmuch as in such cases an automatic voltage 
regulator is usually employed on each exciter. 

476. In Selecting A Frequency Converter there are several 
features which’ should be given consideration. The first 
question which arises is whether a synchronous or induction 
motor set should be employed. In general, the synchronous 
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set is more adaptable to ordinary conditions, hence, very few 
induction sets are installed. Where the capacity is small, and 
it is required that two large generating systems be tied together 
by it, the induction set may be preferable. The advantages of 
the synchronous set are: (1) It 7s somewhat more efficient. 
(2) Because of the condenser characteristics of the synchronous 
motor, 1t may be used for raising the power factor of the supplying 
system. (3) Synchronous sets may be made reversible. That is, 
a synchronous-motor frequency changer set can be made to 

transmit power from the high-frequency line to the low- 
frequency line or vice versa. A high-speed set will usually be 
cheaper than an equivalent low-speed set, but it is not always 
feasible to obtain with the high-speed set the frequency ratios 
necessary. See Art. 472. 

477. In The Induction-Type Frequency Comfferter the 
generator is essentially an induction motor (see also Art. 318) 
with a polar-wound armature, which is—where the frequency 

‘is to be increased—operated by a synchronous motor in a 
direction opposite to that in which it would tend to rotate as a 
motor. The high-frequency current is taken from the second- 
ary or armature circuit by brushes bearing on collector rings 

and the low-frequency current is supplied to the primary or 
field. This device is seldom used in practice. 


‘Pica. 312.—One stator of a See set supported in a cradle 
frame. 


_ 478. A Cradle Frame For A Frequency Converter (Fig. 312) 
should be provided either on the stator frame of the generator 
or on that of the motor, where two or more such sets are to 
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operate in parallel. The reason is that the rotors of all of the 
motors and of all of the generators which are operated in 
parallel must bear the same phase relationship on their respect- 
ive shafts. It is not feasible to adjust the rotors with sufficient 
accuracy during manufacture to insure this condition. The 
cradle permits of sufficient rotation of one of the rotors to 
insure accurate alignment. This stator has to be thus aligned 
only once—when the set is being started for the first time. 

479. To Compute The Over-All Efficiency Of A Motor- 
Generator Set the efficiency of the motor of the set is multi- 
plied by that of the generator. 


ExampLe.—Assume that the efficiency of the generator of a set is 92 
per cent. and that the efficiency of the motor is 89 per cent. Then, the 
over-all efficiency of the set = 0.92 X 0.89 = 0.82 = 82 per cent. 


480. Performance Guarantees On Motor-Generators hav- 
ing induction or direct-current motors and driving direct- 
current generators usually specify that the machines will 
carry their full-load rated (nameplate) outputs continuously 
with temperature rises not to exceed 40 deg. C. on the windings 
and 45 deg. C. on the commutators and furthermore that they 
will carry 25 per cent. overload for two hours with temperature 
rises not to exceed 55 deg. C. on the windings and 60 deg. C. on 
the commutators. Where the driving motor is of the syn- 
chronous type and the generator is a synchronous machine, 
then the set is usually guaranteed to deliver continuously its 
rated (nameplate) full-load kva. at the specified power-factor 
with a temperature rise of not to exceed 40 deg. C. on all parts. 
Furthermore, the set will operate at a 25 per cent. overload for 
two hours with a temperature rise not to exceed 55 ace: C. of 
all parts. These temperature rises are based on a ‘room,’ 
reference or “ambient” (Art. 47b) temperature of 25 deg. C. 

481. Performance Guarantees On Frequency Converters 
are usually the same as those on synchronous-motor, synchron- 
ous-generator motor-generator sets as described above. 


SECTION 15 
SYNCHRONOUS CONVERTERS 


482. A Synchronous Or Rotary Converter (Figs. 313 and 
314) consists essentially of a direct-current generator to which 
are added two or more collector rings (slip rings) connected to 
symmetrical points in the armature winding. Obviously, if 
such a machine be driven mechanically it will supply either 
direct or alternating current or both and then it becomes a 
double-current generator (Art. 469). Conversely, if the 
synchronous converter is supplied with alternating-current 
electrical energy, it will act as a converter of alternating into. 
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Fie. 313.—Diagrammatic illustration of a single-phase synchronous 
converter. 


direct current. If supplied only with direct current, it will 
operate as a direct-current motor. If supplied only with 
alternating current, it will operate as a synchronous motor. 
The resultant average current in the armature will, disregard- 
ing the small internal losses, be the difference between the 
direct current which is drawn from the machine and the 
alternating current which is supplied to the machine. In 
315 
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the usual application the synchronous converter is used to 
convert alternating into direct current, the alternating current 
being impressed on the collector rings and producing a uni- 
directional voltage at the brushes bearing on the commutator. 
Modern commercial synchronous converters are shown in 
Figs. 315, 316, and 317. 
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Fic. 314.—Diagrammatic representation of a synchronous or ‘“‘rotary”’ 
converter. 


483. To Produce A Single-Phase Synchronous Converter, 
taps are taken from the armature winding (Fig. 314) 180 
electrical deg. apart. For a two-phase converter, the taps are 
90 electrical deg. apart. For a three-phase converter, the 
taps are 120 electrical deg. apart, and for a six-phase converter, 
60 electrical deg. apart. Fig. 318 shows synchronous-conver- 
ter and transformer connections. 
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Fie. 315.—A General Electric Co. 1,500-kw., 600-volt, 60-cycle syn- 
chronous converter. 


Fig. 316.—An Allis-Chalmers commutating-pole synchronous con- 
verter designed for railway service (750-kw., 250-volt, 500-r.p.m., 6- 
phase, 60-cycle, self-starting from the a.c. or d.c. side). 
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484. The Function Of The Synchronous Converter is for 
the economical utilization of electrical energy as direct current. 
Direct-current for railway, lighting or power service is seldom 
generated as such. The practice is to generate all energy as 
alternating current in large economically-located stations, 
and to transmit it as alternating current to sub-stations, 
located near where it is to be utilized as direct-current. Syn- 
chronous converters, because of their high efficiencies, are 
peculiarly adapted for this service and are usually used in the 
sub-stations for converting from alternating to direct current. 


Lifting Eves © Direct-Current 


Brus hes 


i> 
End 
Bracket Ye LU 
: Mechanical 
PFCS5CHY- » OSI NOTOr 
Sfee/ .-> 2 i. And Speed-Limt : 
foot. “=~ _ Device 


Fie. 317.—A typical small, synchronous converter. (A Westing- 


house, 200-kw., 250-volt, 60-cycle, commutating-pole, bracket-type 
machine.) 


485. The Construction Of Synchronous Converters must, 
obviously, partake of the constructions of a direct-current 
generator and an _ alternating-current rotating-armature 
synchronous motor. Thus the rotor, Fig. 319, is, essentially, a 
direct-current armature to which collector rings have been 
added, as shown in Fig. 320. As shown in Fig. 319, the 
collector rings have not as yet been added to the armature. 
Field frames and field coils are of essentially the same con- 
struction as those of a corresponding direct-current generator. 
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Fig. 318.—Synchronous converter and transformer connections. 
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Figs. 315 and 316 show typical examples of modern synchron- 
ous converters of large capacities, while Fig. 317 illustrates 
one of small capacity. 


_COPNMUTATOR 


Fia. 319.—A partially-completed armature for a Westinghouse com- 
mutating-pole synchronous converter. 
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Fia. 320.—The rotor of a Westinghouse synchronous-booster converter. 


486. A Motor Generator Or A Synchronous Converter 
May Perform The Same Function (Art. 458). The combined 
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efficiency of a synchronous converter and its transformers is 
somewhat higher than that of a motor generator set of equiva- 
lent capacity and voltage. This advantage in efficiency is 
even more marked at light loads than at full loads. Since the 
load factor of railway systems is usually low, the inherent 
fitness of the synchronous converter for railway service is 
evident. 

487. There Is Always A Certain Approximate Ratio Between 
The Alternating And Direct-Current Voltages Of Any Given 
Synchronous Converter and the alternating-current voltage 
is the smaller of the two. The ratio varies with the number 
of phases for which the converter is designed. See the 
accompanying Table 488. 

488. Table Showing Ratios Of Direct- To Alternating- 
Current Voltages In Synchronous Converters 


For a d-c. voltage of 1.00, 


Phase of converter alternating-current voltage will be 


ip le=PM Asean Neues © tise tea ena dje cde 8 0.707 
PiaOm pa Semernine. dueeiue ect e ocan ee asis oo ewonndlawh 2 0.707 
eBhinee=-pNase masini se aes - dar ewes) sae 0.615 
Six-phasevdouble delta... 0. ...225...05-5- 0.615 
DSixepUASeCIAMetTAl. j2.8 se. cas aeons ee ~ abe 0.707 


489. An Inverted Synchronous Converter is one wherein 
the direct-current end operates as a motor, alternating current 
being furnished by the other end. The speed of an inverted syn- 
chronous converter follows the law of the direct-current motor. 
That is, when the field is weakened the converter tends to speed 
up. In practice there are often conditions that tend to affect 
this field strength, hence specially designed exciters are used 
that automatically hold the speed constant. Special apparatus 
is required and as a general proposition the arrangement 
is undesirable. 

490. To Vary The Direct-Current Voltage Of A Synchronous 
Converter, it is necessary that some additional equipment 
or device be added to the simple synchronous converter 
(Fig. 314) inasmuch as there is always (Art. 487) a certain 

21 
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fixed ratio between the alternating- and direct-current voltage 
of any given elementary synchronous converter. The 
methods which have been employed in practice for securing a 
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Fig. 321.—Diagrammatic representation of a synchronous-booster 
converter. 


variable direct-current voltage are: (1) With an alternating- 
current synchronous booster (Fig. 321). (2) With an alternating- 
current potential regulator or regulating transformer (Fig. 322). 
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Fie. 322.—Varying the secondary voltage of a synchronous converter - 
with an automatic potential regulator in the primary circuit. 


(3) With a direct-current booster (Fig. 323). (4) With a split- 
pole converter. (5) By automatic compounding (Fig. 324). Each 
of these five methods is briefly described in Arts. which follow. - 
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491. A Synchronous-Booster Converter (Fig. 321) consists 
of a standard revolving-armature synchronous converter, A, 
to which is added, in series, a revolving-armature, alternating- 
current generator, G. ‘The generator is mounted on the same 
shaft with and has the same number of poles as the synchron- 
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Fie. 323.—Arrangement for varying the direct-current voltage with a 
direct-current booster. 


ous converter. Figs. 325 and 326 show the construction of 
such a machine; the rotating element is illustrated in Fig. 320. 
When the field excitation of the alternating-current generator, 
G, (Fig. 321) is varied by adjusting the field rheostat R, the 
e.m.f. impressed on the converter armature, A, is varied 
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Fic. 324.—TIllustrating the arrangement for varying the secondary 
voltage of a synchronous converter by “compounding” with reactance 
coils. 


accordingly. Thus, the direct-current voltage impressed on 
the line by the converter proper can, within the capacity of 
the machine, be increased or decreased as desired. ‘The most 
important application of these synchronous-booster converters 
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Fia. 325.—A Westinghouse synchronous-booster commutating-pole 
converter (2,000-kw., 270 volts direct current, 6-phase, 25-cycles). 
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Fig, 326.—Sectional elevation of a Westinghouse synchronous-booster 
converter. 
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is probably for machines used for direct-current lighting 
circuits, where a controlled variation of direct-current voltage 
is essential. 

492. To Vary The Direct-Current Voltage With A Direct- 
Current Booster (Fig. 323) the booster armature B is connected 
in series with the direct-current line, and by adjusting the field 
rheostat F the direct-current voltage can thereby, within the 
limits of the equipment, be raised or lowered at will. The 
booster may be an independent unit or can be mounted on 
the same shaft and bed plate as the converter proper. The 
disadvantageous features of this arrangement are that it 
involves two commutators, each requiring attention, and 
requires a greater investment and more floor space than does 
the synchronous booster method. 

493. In Varying The Direct-Current Voltage With A 
Potential Regulator (Fig. 322) the regulator, R, which may be 
of either the ‘‘Stillwell”’ or induction type, is inserted in the 
alternating-current circuit between the incoming line and the 
converter. Then the e.m.f. impressed on the converter 
armature, A, can be varied and the direct-current e.m-f. 
across L; and Le will be varied correspondingly. The syn- 
chronous booster method (Art. 491) is simpler and less expen- 
sive and requires less floor space than does that involving 
potential regulators. 

494, The Split-Pole Converter Method Of Regulating The 
Direct-Current E.M.F. involves the addition of a regulating 
pole, mounted in the field frame near each of the main poles of 
the converter. In some designs the poles are divided into 
two parts, thus forming a main pole and a regulating pole. 
With the impressed alternating-current voltage maintained 
constant, the direct-current pressure is changed by varying 
the excitation of the regulating poles. The only auxiliary 
apparatus which is required is a field rheostat for varying the 
regulating-pole field current. The shunt-field winding is 
arranged in series around the regulating poles, but the main 
poles are, in addition, separately excited by another winding. 

495. In Varying The Direct-Current Voltage By Automatic 
“Compounding” (Fig. 324), reactance coils are inserted in 
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series with the alternating-current line to the converter. This 
reactance may be either incorporated in the transformers 
through which the synchronous converter is supplied or it may 
be that of an independent and specially-designed reactance 
coil. The electrical reactions involved will not be discussed 
here. But it can be shown that as the load on a synchronous 
converter (which is arranged for automatic compounding) 
increases, the current in the alternating-current line will also 
increase, as well as the voltage, V3, Fig. 327, across the react- 
ance, the voltage, V1, across the supply line and also the 
alternating voltage, V2, impressed on the converter. Now, as 
stated in Art. 487, when the alternating voltage impressed on 
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Fig. 327.—Reactance arranged in a synchronous converter circuit for 
automatic compounding. 


a synchronous converter is varied, the direct-current voltage 
delivered will vary accordingly. Thus, when the load on a 
converter, which is arranged for automatic compounding, is 
increased, the direct-current voltage will increase. This 
direct-current voltage increases in a manner somewhat 
similar to that by which the voltage of an over-compounded, 
direct-current generator rises as the load becomes greater. 
It should be understood that to obtain automatic compound- 
ing the converter and auxiliary apparatus should be especially 
coordinately designed with this end in view. 

496. A Short-Circuit Is Liable To Reverse The Polarity Of A 
Synchronous Converter, hence after a short-circuit the 
operator should be sure that the polarity of the machine has 
not been reversed before he again connects it to the line. 
This can be determined by the direct-current voltmeter. 
If the needle of this instrument tends to swing backward, the 
polarity is reversed. To obtain the correct polarity, the 
machine should be shut down and restarted. If the polarity 
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of the machine has been reversed and the machine is recon- 
nected to the line, an excessive current would flow. This would, 
likely, damage the converter. 

497. In Starting Synchronous Converters one of several 
methods may be employed, the one used in any case being 
determined by the conditions under which the equipment is to 
operate and by its design. Some of these will hereinafter be 
considered briefly. 

498. Where A Synchronous Converter Is Motor Started 
(Fig. 328) the starting motor, M, ordinarily of the alternating- 
current induction type, is mounted on the converter shaft. 
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Fic. 328.—Diagram of an alternating-current-motor-started synchronous 
converter. 


The starting motor usually has two poles less than the 
synchronous converter. Then to start the converter, and to 
bring it up to speed the starting-motor switch, S, is closed, 
which energizes the starting motor, M. After the converter 
has been thus brought up to speed, the converter may be 
synchronized. This method of starting is now seldom used on 
modern converters. In most types of induction-motor- 
started synchronous converters, the primary winding of the 
starting motor is connected in series with the winding of the 
converter armature. To start a converter by this method the 
circuit is closed through the starting motor. The converter 
will then always come up to speed and lock into synchronism 
with the correct direct-current polarity. 

499. Starting A Converter As A Motor From The Direct- 
Current Side (see note below) is effected with the apparatus 
arranged as diagrammed in Fig. 329. With this method, the 
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machine is started as is any direct-current shunt motor. 
The current intensity during the starting period is limited by a 
resistor, R, which is inserted in series with the armature A, 
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Fie. 329.—Circuit diagram showing starting connections for a direct- 
current, self-starting synchronous converter. 


and is controlled by the starting switch S. The converter 
end of the starting resistor is connected as shown at C inside 
the series field. 
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Fria. 330.—Showing the principal connections of a synchronous con- 
verter for direct-current self-starting. 


Nore.—To Start A SyncHronovus ConvEerTER From Tun Direcr- 
CurRENT Sinn (Fig. 330), proceed as follows: 
1. Insert the direct-current voltmeter plug and the synchroscope plug. 
2. Close the direct-current circuit breaker (B, Fig. 330). 
3. Close the negative switch (N, Fig. 330). 
4. Cut out all of the resistance of the shunt-field rheostat, R. 
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5. Close the starting switch, S, slowly so that it will be completely 
closed to the last jaw in about 1 min. 

6. Raise the speed to normal by increasing the resistance of the 
shunt field rheostat. 

7. Regulate the voltage of the alternating-current side to the operat- 
ing value by whatever means is provided (Art. 490) for varying the 
voltage. 

8. Synchronize around the high-tension oil switch, O, keeping the 
alternating-current voltage steady. 

9. At instant of synchronism close the high-tension oil switch, O. 

10. Close the positive switch, M. 

11. Open the starting switch, S. 

12. Close the equalizer switch, EZ. 

13. Pick up the load by whatever means is provided (Art. 490) for 
varying the voltage. 

14. Adjust the shunt-field rheostat to obtain the desired leading or 
lagging power factor. 


500. In Starting A Converter From The Alternating-Current 
End, that is, by ‘‘the alternating-current,  self-starting 


Siors” 


Fra. 331.—Showing squirrel cage winding in main-pole face of a Westing- 
house synchronous converter. 


method” the rotor is started by electrical reactions similar to 
those which occur in the rotor of an alternating-current 
induction motor. To effect this result, a squirrel-cage 
winding (Fig. 331) is arranged in slots in the faces of the 
field poles. The e.m.f. impressed at starting is reduced to a 
voltage below that normally impressed on the converter 
collector rings, by tapping the step-down transformer so that 
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less than the normal voltage can be obtained. Switches 
are arranged (Figs. 332 and 333) so that these relatively low 
starting voltages can be connected across the machine. If 
the converter has a series-field shunt, Q, Fig. 334, it should be 
disconnected by a suitably-arranged switch, B, while the 
machine is being started, so that the circulating currents will 
not flow in the series field. Such currents would result in the 


Three-Phasé __-> 
(ANG Wines ea =a [aisle cal 


Three-Pole, 
Double-Throw 
Switches- --- 


Dp Ga leads 


Synchronous 
Converter, 
le 


Aa 
“Collector Rings 


Fria. 332.—Showing connections for a six-phase, alternating-current, 
self-starting synchronous converter. 


kva. input to the machine being materially increased during 
the starting period. Also, the shunt-field circuit should be 
opened in several places, with a suitably-arranged shunt-field — 
switch, S, Fig. 334, to prevent the development of high volt- 
ages due to the transformer action between the armature and 
field, which would otherwise be induced at the instant of start- _ 
ing. Ordinarily, about 14 of the running voltage is required for : 
starting a converter. Where units are of large capacity, say 
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Fic. 333.—Diagrammatic representation of connections for an alternating- 
current, self-starting, three-phase synchronous converter. 
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Fig. 334.—Showing the connections of a field-break-up switch for a 
twelve-pole converter. 
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1,000 kw. and above, it is usual to provide two starting volt- 
ages, 14 and 24 of normal. Detail instructions for starting a 
synchronous converter from the alternating-current end are 
given below. 

Nore.—To Start A SyncHrRonovs ConvEerRTER WuicH Is SELr- 
SrarteD From THe ALTERNATING-CURRENT SIDE (Fig. 335), proceed 
as follows, it being assumed that all switches are open: 

1. If the machine has commutating poles, lift the brushes from 
the commutator. If the machine has a shunt across the series field, open 
the shunt switch (B, Fig. 334). 
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Fig. 335.—Showing the principal connections of a synchronous con- 
verter for alternating-current, self-starting. 


2. Close the high tension oil switch, O, (Fig. 335). 

3. Close the starting switch, S, (Fig. 335) to the upward or “start” 
position, and allow the machine to pull into synchronism. 

4. Check the polarity of the direct-current generator by the volt- 
meter, V. If the polarity is correct, close the field break-up switch, 
F, to the upward or “‘run”’ position. If the polarity is reversed, close 
to the lower position. Now, the needle of the direct-current voltmeter 
will swing slowly toward the zero mark. Just after it passes the zero 
mark toward the correct polarity, close the shunt-field switch, F, to the 
upward or ‘‘run”’ position. This will usually cause the direct-current 
voltage to build up in the proper direction. If, after proceeding as 
above, the direct-current voltage should again build up in the wrong’ 
direction, open the starting switch, S, slowly. Then, when the needle 
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of the voltmeter, V, is near the zero mark, open the shunt-field break-up 
switch, F. Now close S and try again as before. By watching the 
oscillations of the direct-current voltmeter, V, as the speed of the machine 
approaches synchronism and closing the field switch F to the “run” 
position just as the voltmeter needle swings past the zero mark in the 
proper direction, the machine will nearly always pull into synchronism 
with the correct polarity. 

5. When the machine is up to synchronous speed, and the direct- 
current voltmeter indicates correct polarity, slightly over-excite the field 
by adjusting the resistance of the shunt-field rheostat, R, so that the con- 
verter is taking a slightly leading current. Then close the starting switch, 
S, to the lower or ‘‘run” position. The converter will be taking a leading 
current when the shunt-field rheostat is so adjusted that a decrease in 
the resistance of the shunt-field rheostat increases the reactive factor, P. 

6. If the machine has commutating poles, lower the direct-current 
brushes on the commutator. 

7. Close the equalizer switch, #. (Omit this for a shunt-wound 
machine, or where there is only one machine in the station.) 

8. By whatever means is provided (Art. 490) adjust the voltage of V 
to the correct value. 

9. Close the direct-current circuit breaker, B (Fig. 335). 

10. Try the speed limit device by hand, then reclose B. 

11. Examine the direct-current brushes to see if they are resting 
firmly on the commutator. 

12. Close the main switch, M. 

13. Adjust the division of load if there is more than one machine 
feeding the same direct-current system. 

14. Adjust the shunt-field rheostat so that the converter takes the 
desired wattless current. 


501. Where Synchronizing Reactances Are Used In 
Synchronizing A Converter which is started with a motor 
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Fig. 336.—Arrangement of synchronizing reactance for synchronous 
converter. 


(Fig. 336) the starting motor, M, is energized by closing switch 
S, and the converter direct-current voltage, H, is permitted 
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to gradually increase (all resistance being cut out of the shunt- 
field rheostat) until it attains about 14 normal voltage. When 
this direct-current voltage has been attained, the converter 
will usually be rotating on the full speed of the starting motor. 
Then the alternating-current switch, R, should be closed into 
contact with jaw A (Fig. 337) which cuts the reactances in 
circuit, and simultaneously the switch S (Fig. 336) supplying 
the starting motor, M, should be 
opened. Then, by virtue of the 
action of the reactances, the con- 
? ‘ verter will “‘pull” itself into syn- 
~ chronism. The converter having 

synchronized, the reactances may 
os es eae Sole be shunted out of circuit by 
short-circuiting the synchron- ¢hrowing the switch R entirely 
semen tance. down into jaw B, Fig. 337. 

502. In Synchronizing With A Synchroscope where the 
converter is started with a motor, the starting-motor 
switch is closed and opened until the average converter 
armature speed is about synchronous speed. This condition 
obtaining, that is, at an instant when the synchroscope 
indicates synchronism, the converter is connected to the 
alternating-current line. 

503. To Shut Down A Synchronous Converter, ine general 
procedure as outlined below should be followed: 

1. If the converter is operating in parallel with other 
converters, first shift as much of the load off of it as is possible 
without danger of inverting—that is, of driving it as a motor 
from the direct-current side. This is done by whatever means 
is provided for varying the voltage (Art.490). If the converter 
is not operating in parallel with others, this step is omitted. 

2. Open the direct-current circuit breakers (B, Fig. 335). 

3. Open the main positive direct-current switch (M, 
Fig. 335). 

4, Open the equalizer switch (H, Fig. 335). 

5. Open the alternating-current oil switch (O, Fig. 335). 

6. Allow the machine to come down to zero voltage and 
open the field break-up switch, if any. 


Synchronizing 
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7. Open the alternating-current starting switch (S, 
Fig. 335), if any. 

8. If commutating pole machine, raise the brushes from 
the commutator. 

9. While machine is coming to rest, wipe off the 
commutator. 

10. Examine brushes and clean up the machine. 

504. Speed Limit Devices (Fig. 338) are used on converters 
to prevent the machines from ‘running away.’’? When a 
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Fie. 338.—Allis-Chalmers Company speed-limiting device. (The 
part R rotates on the end of the synchronous-converter shaft. The 
case S and the parts which it carries remain stationary. The small 
weight, W, when the shaft rotates tends, due to centrifugal force, to 
fly outward, but it is normally restrained by the spring N which may be 
adjusted for any desired speed, within reasonable limits. When the 
limit for which N has been set is reached, the centrifugal force of W 
overcomes the restraining force. W then flies outward, carrying with 
it the pin P. This operates the trip 7, and opens or closes the auxiliary 
circuit through the device, whereby a shunt trip on the circuit breaker is 
operated. If the contactor A is placed in the hole B, and D is turned. 
over, the device will open the auxiliary circuit when it operates. But 
when the contactor is arranged as indicated above, the auxiliary circuit 
is closed when the device operates. The location of such a device on a 
machine is shown in Fig. 315. 


converter is driven from an alternating-current source, its 
maximum speed will be determined by the frequency of the 


336 ELECTRICAL MACHINERY [Art. 505 


supply circuit, as is the case with any alternating-current 
synchronous motor. However, when the machine is ener- 
gized from the direct-current end, its speed is determined by the 
field strength and the applied voltage as is the speed of other 
direct-current motors. Under certain conditions the field 
may be weak, or the applied voltage excessive, in which case 
the converter rotor would revolve at an exceedingly highspeed 
and probably, due to centrifugal force, burst its band wires 
and throw out its armature windings. The function of the 
speed-limit device is to prevent such accidents. When the 
device is tripped it completes an auxiliary circuit through 
the coils of the direct-current circuit breaker. This opens the 
direct-current circuit breaker, thus disconnecting the machine 
from the direct-current line. 

505. Transformer Connections for synchronous  con- 
verters will be determined by the number of phases of the 
alternating-current supply circuit, by the arrangement 
and construction of the converter, by whether or not it is 
necessary to introduce taps to provide the alternating cur- 
rent self-starting feature. Fig. 318 indicates the essential 
connections. 

506. Oscillators Or ‘‘End-Play Devices” Are Sometimes 
Provided On Synchronous Converters To Shift The Rotor 
Longitudinally back and forth in its bearings as it revolves 
to prevent the brushes from wearing grooves in the commuta- 
tor. Several methods are used for effecting this result. 
Some companies which formerly equipped their converters 
with oscillators (the Westinghouse Co., for example), no 
longer use them as, it is claimed, a revised arrangement of the 
brushes renders an oscillator unnecessary. Anelectromagnetic 
oscillator is in use whereby an electromagnet arranged opposite 
one end of the converter shaft is energized at regular intervals. 
Whenever it is energized, it pulls the shaft over to it, and when — 
de-energized the shaft shifts back, thus the desired end play is 
produced. A mechanical oscillator has also been used. In 
this device, which is arranged at one end of the converter 
shaft, the essential elements are a hardened steel ball, anda . 
steel plate with a circular ball race backed by a spring. The 
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plate is so disposed that its face is not exactly parallel to the 
end of the shaft. 


Norr.—Wuen A Converter Is Insrauuep, Tur Enp Or Its Bep 
Puate Away From Tue Oscinuator Is Ratsep A TRIFLE so that the 
tendency of the shaft is always to push against the ball and bearagainst the 
oscillator. When the armature revolves, the ball is carried in the wedge- 
shape space between the plate and the shaft. Thus the spring is com- 
pressed and forces the rotor from its natural position. Then the ball 
drops back to the lowest point in the race, but due to the force imparted 
by the spring, the armature moves for a short interval until opposing 
forces prevent further movement. Then it returns by its own weight to 
- again bear against the ball, and the cycle above described is repeated. 


507. Commutating-Pole Synchronous Converters have 
practically superseded those of other types. Commutating 
poles in converters have essentially the same properties as in 
direct-current generators and motors, that is, if properly 
designed and applied, they insure sparkless commutation from 
no load to heavy overload with a fixed brush position. Com- 
- mutating poles are applied to synchronous-booster converters 
as well as to those of other types. Brush shifting devices 
are not ordinarily supplied on commutating pole machines 
because they are unnecessary. 

508. A Brush-Lifting Device For A Commutating-Pole 
Converter is shown in Fig. 339. The magnetic interactions in 
a commutating-pole synchronous converter are such that 
excessive sparking will result when the machine is being 
, started as an alternating-current motor, if the direct-current 
brushes are not raised during the starting period, from the 
commutator. It is not necessary to raise the brushes from the 
commutatator when starting a machine as a direct-current 
motor, or when it is motor started. In addition to eliminat- 
ing sparking, the removal of the brushes from the commutator 
permits the machine to be started with asmaller kva. input, and 
furthermore, there is no brush friction. Two “pilot” brushes 
are always permitted to rest on the commutator. These 
provide a connection for indicating polarity and through them 
the exciting current, whereby the field of the machine may be 
“built up” is permitted to flow. After the converter has been 

22 


338 ELECTRICAL MACHINERY [Art. 509 


synchronized and the operator is certain that its polarity is 
correct, the starting switch may be thrown to the running 
position and the brushes lowered on the commutator by 
shifting lever L, Fig. 339. See Art. 500. 


Shifting 
\ lever 


\- Brush Holder 


Brush RighF Hand! ; 
MiGzkaac — * 
\<Commutater poe ker Ring- Ei 


Fic. 339.—Brush-lifting device on a Westinghouse synchronous-booster 
converter. 


509. Performance Guarantees On Synchronous Converters 
usually specify that the machines will deliver their full-load 
kw. (nameplate) outputs, the alternating-current supply 
power being at unity power factor, continuously with tempera- 
ture rises not to exceed 35 deg. C. on all parts and furthermore 
they will carry a 50 per cent. overload for two hours with a 
temperature rise not to exceed 55 deg. C. These temperature 
rises are based on a 25 deg, C, ‘‘room,”’ reference or ambient 
(Art. 47b) temperature. 


INDEX 


A 
Adjustable-speed motors, d.c., classifica- 
tion... .. B faressie sicicravatets sonoKs 47 
TAUMHN CO matters se taisrarafeleye <lace ros 42 


Air gap of d.c. generators, variation 
in flux distribution in, illustration.. 17 
Alternating-current generators, see 
Generators, a.c. 
motors, see Motors, a.c. 
_ Alternators, see Generators, a.c. 
Ambient temperature, a.c. generator 


guarantees. ........0. mate, S015 166 

OMBIGION 5 ciaicie’eies sf aie e's 6 00.0 30, 166 

d.c. generator guarantees....... 28 

motor guarantees............ 29 
Ammeter, for compound, d.c. genera- 
UG A dic cigs One Ga Oe 

graphic, example of record...... 298 

used instead of wattmeters... 296 

knife switch for shunting out... 294 

shunt, mounting on generator... 58 


Arc-light (constant-current) d.c., gen- 
erator regulated by field variation. . 5 
Armature, a.c. generator, three-phase, 


methods of connecting..... 168 
two-phase, methods of con- 
MAOH GS 8S 5) oisie soso avons 168 
or stator turbo generator, illus- 
PENULOM! foreistyeacnvessieieiais are 6, 3h 
three-phase generator, con- 
necting, diagram.......... 170 
circuit, open, sparking may be 
EO LOMEN Te iedudicn <te ok 128 
sol ary see Circuit, armature. 
coil, d.c., grounded, BEBE 55 secs, 10 138 
BOL KCATISE Hols: ele isle Hie sh aie. 0 140 
EVGESCE, GEG. © 6 care civ a sis;ecs:+-* 139 
connection, d.c., shunted, series 
FIGS Sco Gon EOE eo COG Of Om one 
control, a. on * objections sisayeupral ers 94 
regulator, d. c., construction... 93 
speed regulators, (Gke steve vters 93 
OPELATION, GiGoaieciviee's 6 yertis 94 
CCP LALAN OTT 7.00 'si014 6 0.08 e)0 ves 147 
rack {GTes GONG OD B.C OOO 147 
series-wound, number of brush 
sets ion O paen Or OROmoeO 
to insure proper balance...... 146 


tested for common troubles.. 130 
handling, 67 
EStINg, CAUSES. ccc. sc ceccessss 140 


short-circuits, teSt.......eeeee- 138 
stand, description...... ewe aie 147 
synchronous motor, improper 
COVTECTIONS oo croie ci0i vie eieis lorace\ 0's 
testing where only a.c. or sow 
voltage cells are available. 132 
testing, with dek-voltuce a.c.--. 132 
unbalance, noise caused by..... 146 


windings, d.c., flying grounds, 
short-circuits and open cir- 
(ru GiSe.c matin Oo ClO GEOL COCO 140 
Automatic regulation of d.c., con- 
stant-current generator...... 
starter, see Starter, automatic. 


rent, dats ge Bote B.C.. 26. 232 


B 
Balancer, three-wire............... 307 
Balking, a.c., induction motors...... 269 
Ball bearings, examples............ 144 
Verticalimotors! somite acho 146 


Bar and coil leads, poor connection.. 137 
Bearing, bearings. 

hot, correction... 

troubles, motors and generators. 143 

a.c. generators and motors... 263 


induction motor....¢.....+ 273 
TNOCOLS sie reie eveleraviei-1eueTersre . 265 
synchronous a.c. motors...... 238 
WALI, CAUSES’. 6. 5.6 0:5) 610 wisest sisters 144 
a.c., induction motor, oil leakage. 273 
cleanliness essential............ 144 
motor, grooves te prevent oil 
Teakarey oon, wath: sayavanstere 274 
Bipolar machine, definition......... 15 
Blackening, commutator........... 116 
Blow holes in frame castings some- 
times cause sparking.............. 126 
Brake, prony, different forms....... 149 
motor horsepower determined 
With Feri cic + scletoruesteree are 149 
torque concept basis for. . 1 sepLeO 
Braking, dynamic, connections. - 98 
d.c. motors, method.... 97 
Heating 5 ssn cee Ree eee 97 
principal advantages........... 97 
WHEN USE Peleg vie eeiorene Soe oaL Lees 
Brush, carbon, pressure............ 124 
contact resistance............- 124 


fine grain, soft; possibility of 
using with slotted commutator 121 
position of commutating-pole 
machine,..% .... 
sets in d.c. machines, number of. 15 
shifting, regulation of constant- 


current generator by........ 4 
trouble, glowing and pitting.... 114 
Brushes, adjustment and care....... 122 
carbon, glowing and pitting..... 126 
Ghatteringsscos deus cee eameenen 127 
poppe. reversal of current must 
e accurately effected........ 113 
d.c. generators, management.... 66 
effect of shifting on speed...... 41 
should be fitted to commutator.. 123 
sparking, causeS.............+ 125 
Building up, shunt d.c. generator.... 
Buses, equalizer, required for three- 
wire-machines,.......... Deeemctnc » ats) 
Cc 
Capacity, overload, commutating- 
DOlO MOCOTS Nery ferelerelarnierece- oeetel 34 
normally rated generators...... 33 


BECAM CNQINES. cis. ncecercsiccece OC 


339 


340 


Carbon brush, see Brush carbon. 
Cascade, speed control, a.c., po 
phase, induction motors. : 

Characteristics, princi 1, 


sion a.c. motors........... 190 
speed, compound-wound, d.c. 
TMOLOLS joreisieie ic crs \stetnisie ovsiets, B 44 
d. c. motors, series, shunt and 
COMP OUN ejsreteue ers: core leisielere 34 
shunt motor.............- 40-42 
series and compound-wound 
motors, graphic compari- 
BIO se, sir vlate x iobsiatarelerstavererels 46 
speed-torque, series d.c. motor.. 37 
Chattering of brushes.............- 127 
Circuit, armature, open, sparking 
GUGiTOderratins eit cee mee ee 128 
symptoms of trouble due to.... 128 
Circuit-breaker, polyphase a.c. in- 
duction motor, protection... 236 
vs. fuses, advantages and dis- 
advantages.cn.nccecmuuwdewss 5G 
Circuit, field, open, locating........ 142 
open armature, tests........... 137 
three-phase, phasing out...... . 180 
Classification, single-phase a.c. mo- 
USER eh AoC OC OO ODES nbib Sion Homrour: 206 
Coil, armature, ‘grounded, bESb Teco: 138 
hot, <cAuUsesss «> 55. se nemeene 140 
open-circuited, testiacer ses 137. 
TOVEIBEd) bESbocaieie Auce eeeiees 139 
field, grounded, low located..... 140 
heating causes............+. 142 
open-circuited, locating....... 141 
inducing, a.c., for localizing 
armature troubles. . 


; leads, crossed, test............. 
Coils, balance of three-wire genera- 
tor, connecting det eh goa 


LOPA wseaiievoemeae oe eientoeee 26 
series, three-wire, * compound- 
wound generator, division. . 25 
short-circuited, a.c. motor or 
generator, to locate.......... 274 
Collector-ring troubles, a.c., induc- 
SlON MOOK scssdene ses toe a ee 271 


Commutating pole dc., generator, 
correct polarity at full-load 
and incorrect at no-load.. 66 
shunt motor, speed regulation. 41 
generators and motors, see Gen- 
erators, commutating pole or 
motors, commutating pole. 
machines, see Motors or genera- 
tors, commutating pole. 


synchronous converter....... 337 
poles, effect on speed regulation, 
d. dirmotors: fu eee 46 
OD OCtina chs. cee nee Cells 
Winding Of). a. taaee tee ee 20 
three-wire generator ........ 27 
windings, polarities ......... 66 
Commutation, d.c. motors, deter- 
mines overload capacity...... 34 
DNOCESS 2) Mein 5.00 ettas eee oete ee 113 
Commutator, all brushes should be 
Gtted tvct cron selene 123 
bar, loose, sparking............ 118 
DIA CKOOIDG santas cota 
commutators 
heating.....3..... a8 
Mie HOBO. «2 5 eee eee eee 
high-mica, roughened, to rem- 
OAH Ft) RST ee ee ee 122 
OtiBrs eis, ha 0303.0 sie eee tee 115 


Condensers a.c., synchronous....... 


Commutator, loose, to correct... 119 
management....... ROD h pono 67 
methods of slotting............ 121 
reason for slotting............. 120 
roughness, correcting........ ere 

due to loose) bar...) ce. tyr spe BE) 
rough, sparking....... erostecss 114 
sandpaper to smooth........... 118 
segments, l0O8G.. «.ca.seeee aelion 115 
plotted, Cares cis <\.ictere cereicre > tere 121 
possibility of using fine grain, 
soft brushi.iieeseck eee 121 
BlOtbING avers tale atelier 119 
to smooth with grindstone...... 117 
trouble, glowing and pitting. . 114 
truing) with file). 05-)-\. este 118 
what is accomplished by slotting. 120 
Compensated d.c. generator....... 21 
Conductors foresee eee 16 


induction a.c. motor, see Motor, 
a.c., compensated induction. 


Compensating winding a.c. motor... 213 
Compensator, a.c., induction motor 
connected to, will not start... 271 
balancer? ‘do)a. ise ee 307 
for starting squirrel-cage a.c. 
TMOCOPR Ri AS aks sr aate eee oe 245 


method of starting several poly- 
phase a.c., induction motors 
from“ones shine cae eee 
starter, starting currents and 
starting torques of squirrel- 


cage induction a.c, motors.... 246 
starters, fuses used with....... 251 
high-voltage motors, a.c., with 
no-voltage release. . 248 
starting, overload release ‘coils, 
arrangement... csc. secs sel 248 


for a.c. motors, high ‘voltage 
large capacity........... 247 
no-voltage release can be pro- 


VIdEdsiale wloleld’s clare cternetetens 250 
for squirrel-cage induction 
BCs MOCOTSs « warvle reece 243 
induction motors with and 
without <ss% <1 elarsiele-s)si3ie we Coa 
several motors from one..... - 250 
APS. sceccccccsccecccsescss 240 
to limit starting current, a.c. ‘ 
synchronous motors.......... 232 


troubles, a.c., induction motor.. 270 
when used starting torque re-: 
duced to value required by ; 


Joad)y,s:siccrsta asco hehe tem tere tee 245 
Compounding d.c. generator, effect 
on Voltage... 5 2% olson 154 
dutomatios.t. <3. «ve see oe cee 325 


over, voltage increase due to... 13° 
Compound dynamo, see Generator, 
compound, 
Compound motor, see Motors, d.c., 
compound wound. 
Compound-wound d.c. generators, see 
Generators, d.c., compound wound. q 
22 
Cefinition: isis. oven sees eeeee 
Conductors for d.c., compensated 
WeTELALOLH. ie). /e\era'c\o ue o.9)4, sielevereiete EL 
Connecting leads, d.c., compound 
MeNErAatvorB.j.'.\2/o es cin sie sles ties setcls see 
Connection, field-spool, reversed.... 142. 
d.c., shunt generators for parallel | 
operation....... Monicoes 
motors, illustration........ 39 
switchboard, synchronous, a.c. : 
MOLOK sss vn’ on oe ee 232, 


; 


. 
‘ 


4 


Constant-current d.c. generators, see 
Generators d.c., constant current. 
Construction of commutating-pole 


INDEX 


d.c. Fone aronsatene 8 eats. 2S 
principles and characteristics, in- 
duction and repulsion a.c. 
JWOLOISoeieieieielsivinisieiisisisisinne se 190 
Contact, brush, resistance.......... 124 
Continuous rating, definition....... 29 
Control, armature, objections....... 94 
regulator, construction....... 93 
speed regulators, operation... 94 
d.c. motors with flywheel motor- 
MICUOCTHUOE Ssrere aeleislelareiviv esiecre 09 
definition..... Siar sielofersiaya <usisveyerre iN 
equipment, motor, a.c., National 
Electrical Code installation 
TEQUIFEMENTS acc cls Salers cisie wee 239 
float, automatic starters, a.c. 
pump motors, connecting.. 261 
switch. a.c.,single-phase motor. 261 
speed, a.c. polyphase, induction 
motor, by adjusting 
frequency.......... 258 
by adjusting primary 
VOLLREO Sine ccelchs eh iss 254 
by changing number 
Ol MOLES AT core ccielave.s 256 
of secondary phases. 261 
with double primary... 255 
AOGOFS cio tstwss ticle oigts'o ciei 252 
by adjusting resistance 
of secondary circuit. 252 
cascade ........ aieesece cHbony ehh 
compound d.c. motor........ 78 
primary, a.c., polyphase in- 
Guction MOtOL, . .)6.6.. 608 is: 255 
secondary, a.c. motor........ 253 
shunt d.c. motors........- woe ¥4., 
Controller, drum, rotary or machin 
tool type, d.c. motors...... 78 
type, advantages..... Wastes OO 
ORELALIONe facrerncve cis «ccs 80 
magnet-switch, d.c. motors..... 85 
regulating, connections, com- 
pound-wound d.c. motor... 83 
ACC. RELIES MOCOL. oaccc0000 000 82 
rheostatic........ Biettehetise Speiareres 72 
Controllers, crane, d.c. motors, ar- 
Tangement......... petaveyes eteisii< Orr ato 
Controlling, devices for a.c. motors.. 239 
Converter, frequency, see Frequency 
changer. 
rotary, see Synchronous converter. 
DIR POle. 6 Nac sci o0 <0 cele asia 325 
synchronous, see Synchronous 
converter. 
Copper brushes, reversal of current.. 113 
Crane controllers, d.c. motors....... 95 
» Cumulative-compound windings..... 14 
: -wound d.c motors, description. 45 
Current, computation, single-phase 
(ay PT oS SAR Siecle ree Re 226 
two-phase motor a.c....... me 200. 
cross, a.c. generators, parallel 
ODCTALON osc. s.cliscn sae cce s 184 
d.c. motor, to compute......... 48 
or voltage, a.c., single-phase gen- 
erator, kilovolt amperes out- 
put, computation.......... 174 
three-phase generator, kilovolt 
amperes output, computa- 
LOR er erocid sere etniave cts te ers 174 
reversal with copper brushes.... 113 
starting, a. c. motors........--- 200 
squirrel-cage inductions 4.c. 
motors, with different im- 
pressed voltages using com- 
pensator starter...-++++-++ 246 


Current, voltage, efficiency, power- 
factor, a.c. generator, horse- 
power required to drive, 


D 


Data, performance, d.c. motors..... 
Delta-star method of starting three- 
phase, squirrel-cage induction a.c. 
motors 


Detector, telephone receiver, used 
With ANGUCET 2a. sfeisiaieyeuciahe 2) here 
Differential compound-wound d.c. 


motors, description.......... 
-compound windings for d.c. 
motors and generators....... 
Direct-current generators, see Gen- 
erators, d.c. 
power and lighting, compound- 
wound d.c., generators....... 
Division, load, compound generators 
Double-current generator........... 
Drum controllers. sass s seen 
rotary or machine-tool type, 
d.eihmotors.e ce enn ee 
Drying out motors and generators... 
Dummy-fuse connectors............ 
Dynamic braking, see Braking dy- 
namic, 
Dynamo, definition... .- a. .<s% sees 
Dynamos, see Generators. 
Dynamovor ere ne seit sites atcecsteecrete 


Efficiency, single-phase a.c. motor... 
two-phase motor, 4.¢......... 

d.c. generator, average value... 
motor, to compute. 
computation, three-phase motor 
loss with a.c. induction motor 

at reduced speeds..........+- 
motor-generator......-++eeeees 


a.C., 
horse-power 
PUbAtLON ciara syelersiece , 
voltage, current, power factor, 
a.c. generator, horse-power 
required to drive, computation 
Electric motor, see Moior. 
Electromotive force, a.c. generator, 


eee eae . 


GBeNETAatOr....cscccccsevs 
d.c. generator........0+. 
steam, overload capacity....... 


Equalizer buses required for three- 


wire machines......:.....--. 

or equalizer connection, d.c. 
BENETALOL. ..crergsvosgecsecs 
Esterline graphic instrument........ 


Excitation of generator fields....... 
test, a.c. generator...e.....--s 
Exciter, belt-driven, for vertical 
water-wheel generator.......+ 


341 


251 
135 


204 


342 


Exciter, belt-driven, capacity re- 
quired examples............. el 
LIVES aca sireeechononeuste aie chee nce 170 
frequency converter............ 312 

Exciters, a. c. generators, character- 
ASULCS: chats dyn tense hace mtn Baars ite 169 
separately-driven, preferable.... 169 

Exploring terminal and test lamp, 
convenient arrangement.......... 136 

F 

Field, a.c., turbo generator. ......... 161 
circuit, open, locating.......... 142 

coil, d.c. generators or motors, 
DIACING. seer his eee cies 65 
grounded, how located....... 140 
heating Cavsesian. .culss« se. os 142 
open-circuited, locating....... 141 

d.c. generator, to excite from 


OULSIGE! SOULCE «met tas ate sie chore 60 
-discharge switches and resistors. 102 
for automatically discharging 

field circuits, a.c. generators. 171 


finixs, GG) MOOT) Vestine oe elec. 142 
generator, excitation of......... 2 
magnetic, a.c. induction motor.. 191 
polarity, testing... ...6-0..0.6 62 
relay switChessanser «oss sess 88 
rheostat, compound-wound d.e., 
BORELILOLS ce nay cistclenat lees oe 10 
shunting, series d.c. motor...... vee 
-spool connection, reversed..... 142 


series, equalizer buses required 
for three-wire machines...... 
troubles, a.c. synchronous motor 235 
variation, arc-light, d.c. (con- 
stant-current) generator regu- 
Wad. iyi5 ars testo usr sietsr reisoie ae 
windings on d.c. generator frames, 
direction of, illustration...... 15 
File for truing commutator......... 
Flashing, commutator, sparking..... 
Flat-compounded compound-wound 
d.e. generator, definition.......... 
Float-control automatic starters, a.c. 
pump motors, connecting....- 
BWLU GIs stirs enctovaeaccvonnte niece aust 
control, a.c. single-phase motor 261 
Flux, action of in commutating-pole 
G.G. ZEMETAbGL aos wee ees 
distribution in air gap of d.c. 


generator, variation, illustra- 
PLODMOL Si4.0 wo issaus) eacve siotel siete Seas 17 
fields i.e) motor, testium nse ae 142 
Flywheel motor-generator control 


of d.c. motors 
funioblons ccs vine ee ote meme 
Frames, d.c. generator, direction of 
field windings on, illustration. .... 
Frequencies a.c., polyphase induc- 
tion motor, performance graph 
and voltages, different, a.c., poly- 
phase induction motor, per- 
LormMancelgrapil wre 
a.c. motor operation, effect of 
CHANGES) waiviurl scene antetors 
Frequency changer, motor genera- 
GOLB a 4) nny toll fo 0: s hevoleveveeleieh shel’ 


motor generator, construction 
ratio of frequencies.......... 3 
speed and number of poles, a.c. 
generator, formulas. . 
synchronous induction 

MOULD amines te ete 


INDEX 


Frequency converter, see Frequency 
changer. 


Fuse, dummy, connectors........... 
used with compensator starters. 
vs. circuit-breaker............. 

G 

General Electric Co., repulsion induc- 

tion. MOtOre nee sae eis ere 

Generator, generators, alternating 

current. 
bearing troubles............. 
characteristics of exciters..... 
different tyes). si a. osc cele 
direct-connected, engine-type. 
double-current.............. 
electromotive force, how gen- 

Grated, s caetnstoevetl era ee 
excitation or magnetization 

Gest cadets toe ete eee 
exciters compound-wound.. 


field discharge switches and. 
resistors for automatically 


292 
251 


discharging field circuits. 171 
general construction and defi- 
nition of parts..... mn eae 157 
horse-power required to drive, 
voltage, current, efficiency, 
power factor, computation. 172 
how rateds.. snipe omen 166 
hunting sonen cee eee 186 
prevents parallel operation. 182 
inductor, definition. 22.2.5. 157 
insulation resistance test..... 277 
kilowatt output, voltage cur- 
rent or power factor, com- 
puta tion», dein enee es 176 
locating short-circuited coil... 274 
Managenientime see eee 178 
maximum temperature rise... 166 
operating in parallel, switch- 
board diggeram. eee 184 
parallel operation, adjustment 
of field current.......... 183 
LOSS! CULT EIIG arlene oieererens 184 
division of load..........+: 182 
performance guarantees...... 166 
principles, construction and ; 
characteristies 4. secs 157 
relation between speed, fre- 
quency and number of poles, 
formulas ac ecru ee 164 
revolving-armature, definition. 157 
Ulustrationy «0, see eee 159 
revolving-field, definition.... . 15 
short-circuited armature coils, 
_‘ inducer” for locating... .. 2745 
single-phase, current or vol- 
tage, kilovolt-amperes out- 
put, computation........ 174 
elements). 4... cu casein eet 158 
horse-power required to : 
drive based on kilovolt- 
Fepacoets output, computa- 
Fs Omri rys co 172 
inlowath output, computa- 
LOW cere sheen ah cemornvele 173 | 
principle. aceon acre 165 
six-phase, grouping of coils. 167 
size engine required to drive.. 177. 
steam-turbine, illustration. . 160 
successful parallel operation, ; 
requirements..........-.+. 182 
BUPRIN EFF Ni ceixt cues oe recone eee 186_ 
synchronizing requirements... 178 
synchronous-impedance test.. 276 


ye 


INDEX 


Generator, generators, alternating 
eurrnet, testing. cerns ..066 276 
three-phase. iste tisletetele e ciaarae 167 

armature, methods “of ‘con- 

MECH reas meecieealis - 168 
connecting arma fure, dia- 

EBS ile vcs eal cae: < evatera 170 
current or voltage, kilovolt- 

amperes output, pera: 

tation noes oar amen. Lek 
horse-power required to 

drive, kilowatt-ampere 

output, power factor or 

efficiency, computation... 175 
horse-power required, vol- 

tage, current efficiency or 

power factor, computa- 

PIOUS rats esis are Wyessiscaas10 8:0 6 176 
large, temperature test..... 278 
Nomclatiestrycreracsier..crsisiets ne. 277 
synchronizing connection for 

more than two.......... 180 
temperature test.......... 279 

to start a single..... Snewection SS: 
toirun in parallel... 5.06... 188 

PMOUDIES etesioicie ora) coniaie-ate ks wi's.0: 0 263 

turbo, construction.......... 160 
MH USETHEONS§,. o\eisieiciere a2 was £60 
FOUL OL TICLE eye 0i5 as o-eeiesuo's 161 
BOCES tere states cit ove stare esse 162 
stator or armature, illus- 

PEACIOM Scots cere sisie ote e's 161 
EM EMAGION \<)<\or~ oie te ole e's a0 162 

two-phase, armature, method 
Of (connecting ).)..02% «<1. 168 
IASTAM:, © .62)c o.o. 0 Ete EAR RcteR, 167 
LIMCIPle eres cei) cc este: 8 sue 166 
vertical waterwheel,  belt- 

driven exciter for........ 171 
CONSELUGLION Se. 65.0.0 566.000. 163 

which is running in parallel, 
ICORCTS COMME ees os ohallecy spore] sss scie! oi 188 
Y-connected, diagram........ 169 
bearing troubles... 22.0 v<.c.0-0 oe 0 143 
classification of, by poles....... 16 
definition..... cote atistsieereveie 1 

direct current. 

armature, handling.......... 68 
bipolar, definition........... 15 

commutating-pole, action of 
EXE aces ore ae wlaues os es 21 

and compensated, compari- 

SOE olde ene ORC O meas 22 
construction and operation ae 
correct polarity at full-load, 

incorrect polarity at light 

NOAA i hoe cd eee wes 66 
operation in multiple...... 59 
principal advantage of 16 
to reverse direction of rota- 

LON. Ab ahrac ee Oceans 60 

commutators, management.. 67 

compensated........ Acotrrvad 4 
CONGUCEOIS LOL-16 «1601s, 0.0.10 + 16 

compound,..... rere oh one 
HIMMICLETS LOLs cis sicreyars he ee 56 
commutating pole, perform- 

EWG) (6 Caen Branca trinig 44 
connecting leads for....... 56 
determination of external 

characteristic........... 153 
directions for starting...... 51 
effect on voltage.......... 154 
Held THREOstatocst.« cevike.s o's 10 
for power and lighting..... 10 
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Generator, generators, direct cur- 


rent, compound, getting 
to “pick Up ventas es 
magnetization graph deter- 
mines voltage regulation. 
parallel operation of....... 
series shunt for components 
ODS Pe cctertiaolela eee ey ereaste 
shutting down when operat- 
ing in parallel........... 
to adjust division of load 
between two. .....0.0506 
constant-current........-.0-- 
are-light, regulated by field 
VATIALION caterers otatersiereraehs 
automatic regulation....... 
regulation of, by brush 
BhITING, vi. tists eens 
Gefinitionmes wo. eee 
differential and cumulative- 
compound windings....... 
Aryan ZOU cello cine Dacauelnts 
efficiency average value...... 
equalizer or equalizer con- 
nection....... Sopaucdedgoc 
failure to excite. .c..ccs sce « 
when starting’...<..6. est. 
fields, excitation of.......... 
flat-compounded compound- 
wound, definition.......... 
frame castings, blow holes 
sometimes cause sparking 
direction of field windings 
on, illustration. <2... 3... 
how to reverse direction of 
TOtALION aici stele ciela voeieneete 
long-shumt miccine craic oreo 
magnetization-graph test, how 
Conducted sere mis clerclaeiee 
management........ BrsobtS.3 
Iprushes. cee BR one bic 
motor generator, a.c. motor. Ged 
multipolar, definition........ 
number of brush sets in. 
normally rated, usual overload 
CAPRCItVecpea cas cence etens 
number of poles: 055.525.0065 
operating at different speeds, 
voltage regulation....... 
below normal speed.......- 
operation of shunt and com- 
pound in parallel.......... 
over-compounded............ 
performance guarantee....... 
placing field coils............ ; 
poor connection between com- 
mutator bar and coil leads. . 
separately-excited........... 
series, application........... 
shunt on, form of 
WONG Wave sisi sis evolatslveleieens 


BUUWINE: <5 sine! aiotssel slates ee mtom se 
exciting current..........- 
external characteristic test. 
operation at constant speed, 
parallel operation.......... 

connections.........<.». 
-wound, directions for shut- 
ting GOWN see cals 
wound for starting...... 
voltage: Of smite eas > 

size engine required. . : 
sources of losses............- 
temperature of, effected by 
speed changes......+++.- 


137 


154 
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Generator, generators, direct current, 


test, loading back method.. 152 
terminal voltage, increase 
due to over-compounding... 13 
EBUMIS Se coh ntecsisicletete.y elekeinie sa 148 
for polariby.csn. teats aise 54_ 
three-wire, ammeter shunt on. 58 


compound-wound, division 


Of series 1coilsisis estos ees 25 
connecting balance coils, re- 
quirements of........ oe PAG 
connections, commutating- 
Oar ee ota onodb omauddC 27 
definitions: c.g auctantce ss 22 
equalizer buses required for. 58 
operation in multiple...... 57 
starting and shutting down, 
method se.nrc yal: = 53 
switchboard ‘connections.. af 58 
time required for building 
Le OnnocAaain te wniccorttrc raion 7 
to compute horse-power input, 
kilowatt output, efficiency 30 
kilowatt output, current, or 
voltage....... eleieeis Orie 30 

troubles eo wenc seman 105-112 

two-wire, connections to feed 
three-wire system.......... 58 

variation in flux distribution 
in air gap of, illustration of.. 17 
when refuses to excite, pro- 
COGUTO Ue a saareic-oletsiseleis isheie Be 61 
windings, danger of over-heat- 
ing when drying...... eet OS 
frequency-changer..,.......... 301 
insulation resistance, measure- 

MENG are ais assets hak elevates aie, LOO 

performance specifications for. 1 
Glowing and pitting of carbon brushes 126 

brush, causess..ccteh cicero. 126 
Graph; delinition-tsim.ase eelietestaces 4 

motor, a.c. induction, — char- 

HCUCTISHIO Mean aya nelle sre isto isrs 198 

performance, d.c. series-wound 
method of reading......... 

a.c., polyphase induction mo- 
tor, with different frequen- 
cies and voltages..... Reine? OO 

d.ec. series motor........ Rinse BeOO 

speed-torque, secondary speed- 

control a.c., induction motor.. 253 


Graphic ammeter, example of record. 298 
instrument, one, can be used to 
record inputs to motors of 


various capacities.......... 297 
for recording motor power in- 

PUbLESUB ct ees sieltiera hare MOU) 
portable stand for. onrieae 297 


power serer ds energy ascertained 
with ap lanimeter. Sg Beaten 
Grindstone, to smooth commutator.. 117 


Grounded armature coil, test....... 138 
field coil, how located’aty reas. 140 
Grounds, flying, in d.c. armature.... 140 
Guarantees, a.c. generators......... 166 
IROCOLS ica hos visti eeiste 197 
Gsey generators. doce n fe eaitine 28 
temperature rise, a. c. motors... 197 
Motor generator, ...s.. as © 314 
synchronous converter..... 338 

H \ 

Heating, armature, causes......... . 140 
COMMUNAL OR ahs chan sree aistavsnak LO) 
field-coils, causes...... 005.000 142 
dynamic braking......... ‘ 97 


INDEX 


Horse-power, computation, single~ 
phase a:c, motors. ase ae 
current, voltage, power-factor, 
efficiency three-phase motor. 
two-phase motor a.¢........ . 
formulas, MOtOTS .\5.. 5410 sees oe 
of d.c. motors, effect of torque 
and speeds. «| 2). ecneveiatalors eras 
output a.c. motors, ‘test to deter- 
MING Liles vee sretele cites wasiset 
d.c. motor, to compute..... us 
required, a.c., three-phase gen- 
erator, voltage, current, 
efficiency or power factor, 
COMputations.. 1. ectss 
of motor, often over-estimated. 
to drive a.c. generator, voltage, 
current, efficiency, power 
factor, computation..... 
single-phase generator based 
on kilovolt-ampere out- 
put, computation........ 
three-phase generator, kilo- 
watt-ampere output, 
power factor or ita 


computation............ 
Hot; box, CaWSeSiec01 se oe aie snore ce 
Hunting, a.c. generators. era staretereiete 6 
induction motors............ 
PLeVENtiOn ceil cmon eee 
prevents parallel operation actor 
synchronous, a.c. motors,...... 

I 


Inducer for locating short-circuited 
a.c. motor or peneraioe arma- 


ture coils..... spe cece, cteye ane srens 
principle -cc..hi ae 
telephone receiver detector used 
WIEN, << deeiats, ocreisterels eee setae 
Inducing coil, a.c. for localizing arma- 
ture troubles jjsicatcesiemiselerneie 


Induction motors, see Motors, A.C., 
Induction. 

Input, a.c., single-phase 
measuring) toc oes 
to motors of various capacities, 
one graphic instrument can be 

used to record....... 
test, a.¢., three-phase, "motor, 
“two-wattmeter’” accu- 
rate method...... 
“one-wattmeter” 


motor, 


method... 


“one-wattmeter-and-Y-box”’ 


method ® ..., iueiseits oot 
polyphase-wattmeter “meth- 


tenes sane eee 


method where neutral motor 
is: brought out.) Ji..es 
motor power, graphic instru- 


ments for recording........ 295 
Instruments; graphics. pate eae 295 
portable stand for sauwnee 297 
Insulation resistance, see Resistance, q 
Insulation. 
Interpoles, see ‘‘Commutating Poles. 
sie Od 


Inverted synchronous converter... 
K 


lowe input, d.c. motor, to com- 


L 


Lamps, synchronizing...... wiasatetels 
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Leads, bar and coil, poor connection 
between..... AOSHOR 
coil, crossed, test ieee sik 
Lighting compound-wound genera- 
Ors: USEC -fOTe). acayes eens oss 
Load, adjustable, d.c. compound gen- 
erator, determination of ex- 
ternal characteristic......... 
division, com ound generators... 
to adjust between two d.c., 
compound-wound generators. 
power required to drive, to deter- 
AMINE! DYZCESE cai csversisis, g.ce:0re are 
test, d.c. shunt motor.......... 
three-phase, a.c. generator... . 
Long-shunt d.c., generator........ tage 
Losses, d.c. motors and generators, 
sources...... Rieiaseinisieenere ve greke 
EEStINE MOOLY, wegissrescls os 6 wee 
Bug sstesting, forked?) vcsctiews se 
test with open hole... 


M 


Machine-tool, rotary or drum type 
controllers, EGS IMOLOL saree inva oes 
Magnetic field, a.c. induction motor... 
flux, action of, in commutating- 
pole d.c. generator......... 
Magnetism, residual, permits shunt 
generator to build up.......... 
Magnetization, field, determining 
direction..... eesareaeie sterorelones 
graph determines ‘generator vol- 
tage regulation............ 
test d.c. motor or generator, 
how conducted..........6 
test a.c. generator...... avers Lenens 
Magnet-switch controllers, yee 
GHUOES terala slieiaisib sleiy ¢in/0)e leas o 'e\pi'e oe 
Management, a.c. generators........ 
GG. GENCTALOIB. oe cic se siecle s ons aie 
motors, &.C....... qe gnc Sone 
co I ee tote cesnecsenesecee 

Mica, actual raising rare occurrence. 
high, identified...... Bee cele ts 
TDICOMMULATOTS soc), 0410 a's. 00 
Motor, motors, alternating current 
automatic pnetctes connec- 


tions stele is 
bearing troubles. .... Rioreretaretele 
compensating winding........ 
compensated induction....... 
compensator vs. resistance for 
starting squirrel-cage, a.c. 
motors..... eieln wie eves 
control equipment, National 
Electrical Code installation 
MOCWUITEMENES 2s vio cle sis ee 
high-voltage, when no-voltage 
release compensator starters 
TSCA SLOL. wisic 6 eee 
induction and repulsion, prin- 
ciples, construction. and 
characteristics........ 
induction, see also M otors, ac. 
olyphase, induction. 
balking....... soodepads 
bearings, oil leakage. ; 


bearing troubles....... 5, 
collector-ring troubles...... 
connected to compensator, 

Will nOt Starts... cscs ei : 
Construction........++.0> 


current taken at instant of 
etarting .....sseeeeess 


INDEX 
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Motor, motors, alternating current, 


induction current, when run- 


ning without load....... 194 
effects of unbalanced vol- 
CALOS! ol sheila, casio ee amex) 
efficiency definition........ 194 
factors affecting perform- 
ADCO wae ciesi0 aneietenetoierele -.. 194 
hunting Lrnlsts -sdatetecatetele ccehercteun 272 
improper end play......... 272 
inherently a constant speed 
INOGOP Sc </orsieuteicitis omteeen 203 
loss of efficiency at reduced 
BDGCOSsrle acai ealerstine cite 195 
ow maximum output, 
causes and correction.... 266 
low torque while starting. . + 265 
magnetic field............. 191 


maximum output, definition 194 
open circuit in field or stator, 


CMCCE: Sei cccoemcntler eee 268 
polyphase, primary speed 
CONELON As Reena sh -ceaie ee 
speed control with double 
DMMALy. shocstene ete 255 
pull-out Wei Cha Sroauocaur 200 
regenerative feature....... 203 


relation between speed, fre- 
quency number poles. . ws OL 


rotor, Gefinition. j..3.0ss< 191 
secondary speed-control, 
speed-torque graphs..... 253 
Special typess.... cite. ose 192 
squirrel-cage, compared with 
wound rotor.. earth 
rotor. troubles.i. sicic.c0 0+ + 269 


starting compensators... 243 
three-phase, delta-star 

method of starting.... 251 
small started by throwing on 


line iesneresoe eters neta 240 
starting compensator 

troubles...... Bomacoon Pahl) 

methods, oo. see es «sis .. 240 


stator or primary winding. . 191 
relation between speed, fre- 


quency, number poles. . 201 
winding faultB.n. vcc.cerec 268 
wound rotor, self-contained 

BUATEETS iereciencreile caret 241 


connections of starter.... 241 
operation on, of self-con- 


tained starter......... 242 
Starting... -terers © aieveressiere 242 
torque graphs....... 199 


locating .a short-circui ted 


COll faeterte celeron -.. 274 
management, "starting ae 
controlling devices for.. 239 
neutralizing winding.. 214 
operation, effect of changes in 
* voltage and frequency...... 196 
performance guarantees...... 197 
polyphase, induction, cascade, 
speed control...... eon 
causes of shutdowns..... 264 


circuit-breaker protection. 239 
electrical behavior—same 
as transformer........ 193 
method of starting several 
from one compensator. 250 
performance graph with 
different frequencies 
and voltages.......... 259 
speed control by adjust- 
ing frequency..... 258 
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Motor, motors, alternating current, 
polyphase speed control, by 
adjusting primary voltage 
by changing number ofpoles 
by changing number of 
secondary phases.. 
to reverse direction of ro- 
UBIO, An odGoo BOOG aualiew 
ELOUDIES Uaeccresrerstelelere sree 
wound-rotor and internal- 
starting-resistance 


INDEX 


type, characteristics. 197 
characteristics......... 198 
Bpeed cOnbroll)tecke aloes 252 
by adjusting resistance of 
secondary circuit. 252 
squirrel-cage induction, gen- 
eral characteristics...... 193 
pump, connecting float-control 
automatic starters......... 261 
TEDMISION Nee eo lereeiesierelersieweel 215 
=IndUCtiOns vot cisisieeleles ecto 216 
arranged for “reversing 
BEEVICETseceire ae 218 
starting induction-running, 
characteristic graphs..... 224 
secondary speed control...... 253 
short-circuited armature coils, 
“inducer” for locating..... 274 
single-phase, classification.... 206 
computation of horse-power, 
current, voltage, power- 
factor and efficiency..... 226 
float switch control........ 261 
induction, condenser-com- 
pensator method of 
Starting tacieee sc cistes 211 
develops no starting tor- 
que when rotor is not 
DPOVOLVAD Late teletete re etere 207 
performance data..... é 213 
shading-coil method of 
Startingeaiackilee cen 12 
split-phase ‘method — of 
Starting assets cree 207 
principle...... 209 
used only for small 
capacity motors.. 210 
starting, construction.... 208 
torque, starting current 
speed regulation, single- 
phase phase-splitting- 
PUALCING. fae cisie eleiers ciel 210 
Kimble........ Eieieleteisimuauel aro 
may be operated from any 
circuit Pratavectena 


measuring input.. 
repulsion induction variable 
BDCCOe <lalersisistslololtate rate 
-starting - and - induction 
running... 
Series... 


eo 


variable-speed......... 
slip, speed regulation eselereratne 
squirrel-cage induction, start- 
ing currents and starting 
torques with different im- 
pressed voltages using com- 
PENDSALOTS Diy. bic eetee ecaneveiare 
starting compensators, 
voltage song ogpal ty, aAnod 
synchronous.. 

advantages. SeispetanenN avec 
any a.c. eats will oper- 
ate as. 


i 
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Motor, motors, alternating current, 
synchronous, bearing 
troubles apiece centers tots he 

direct-connected exciter, 
illustrationystareriectait 
disadvantages........ Cina 
hunting.. States 
improper armature connec- 
tions. . aleve stalsieretiile x 
induction motor bring to 
Bpeed Naga eiesteleleieletete cass 
eatea between Bpeeds 
frequency, number poles 
limiting, starting current, 
auto-starters, compensa- 
LOLB lisa crete eieieistele aiasatsvevene 
methods starting. . 
open circuit in field, effect. . 
over-heating, causes....... 
polarity... css are (av akaoRaeee 
short-circuit in armature, 
elect ic aalce elas iaitereyate, oeks 
Blartin gs cieccistersie mis nae 
difficulties......< 
poe -cage starting wind- 


are bur failsto devel: op ssuf- 
ficient torque Proreiat a 
switchboard connections. 
temperature test....... 
troubles, summary of 
USES: ci ojeielele toshatelelcreletetereiore 
testing.... alphetenecstsvetons 
three-phase, accurateinputtest, 
““two-wattmeter’’ method 
eoil, wound rotor, starting 
arrangement... c6c.ee es 
computation of horse-power, 
current, voltage, power- 
factor, efficiency... 5 
determination of input by 
voltmeter and ammeter 
method, ‘test..j.ciereelete 
induction, temperaruze test. 
input test, method where 
neutral motor is 
Drought outueneneacs 
polyphase-w att met er 
method............ 
“‘one-wattmeter’? method 
“*one-wattmeter- an d- Y- 
box’? method........ 
troubles', aati. iicse neretaeaiioe 
two-phase, computation of 
horse-power, current, vol- 
tage, power-factor, efficiency 
vertical, induction, cement- 
mill, construction........ 
Wagner repulsion-starting-and 
-induction-running........ 
wound-rotor, starting switch 
troubles........ 
and its starter, National Elec- 
trical Code protection rules. . 
an inverted generator.......... 
bearings, grooves to prevent oil 
leakage. nai lovata nts Slebtette estate netedn 
bearing troubles... steve wen ees ve 
Motor, motors, direct current. 
adjustable speed, classification 
armature, bandling....... 
automatic starter......... 
brush glowing and pitti n Zz, 
remedy.nWav hleeeetet coe 
commutating-pole, overload 
CADACIEYinesmam sie estes 


ee eeeee 


eee 
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Motor, motors, direct current. 


commutating pole, principal 
advantage of........... 
shunt, speed regulation... 
commutation determines over- 
load capacity.,....... ee 
compound, connections of 
regulating controller..... 
speed characteristics....... 
COREFGUIM Wires Withee alate e's 
-wound, differential and 
cumulative, description. . 
CONStTUCEION \./cve cise sieisivle c's 
control, 


0} Ro onacagu ap oGeAmOdOS 
controller, magnet-switch ce 
crane controllers, arrangement 
differential and cumulative- 

compound windings....... 
directions for starting........ 
Stopping... ais veleturelaie (ele 
AnVINEIOUEY.Peicnt. ce clare le%s,cic 
dynamic braking............ 
held: Mux test nck cee cee 
frame castings, blow ‘holes 
sometimes cause sparking. . 
horse-power output.......... 
how to reverse direction of 
rotation. viv. 
magnetization-graph test, how 

GONGUGtER aac iineltlelsfelec ess 
management and starting and 

controlling devices....... 

brushes and commutator... 
motor-generator with a.c. 

ENETALOLS s< sie) crs cio ss cre cere 
multipolar, definition........ 
multi-switch starter.......... 
non-automatic-starting and 

speed-adjusting rheostat.. 


performance data.......... 29, 


graphs, series-wound method 
runt Sie ar ade 
BUATANCCESs ccc ois'e.s «15-0 si 
placing field colle ee ate se. o. 
poor connection between bar 
and coil leads....... 
procedure when it will not start 
whenstarting box isoperated 
pressure -regulater- control, 
automatic starter, connec- 
ting regulator, speed-arma- 
GUE COUCEO Me «etry sos cise 
reliance adjustable-speed, il- 
WUStrBtION). tetee cca > 
rheostat arrangement of one 
starting and speed ad- 
justing for control of two 
HOLOUS ae) sainteretal ere) oe fevelave’s 
shunt- and compound- 
wound, starting and 
speed adjusting (field- 
Wontrol) ser clcee cise 
rotary, drum or machine-tool 
type controllers. 
runs in wrong direction, pro- 
CECURC teeter scets cleie 
series, performance graph... 
regulating controller....... 
shunt, compound, speed 
characteristics. pease lole 
and series-wound, start- 
ing rheostats,......... 


sees 


eee eeee 
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142 
102 
93 
42 
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Motor, motors, direct current, 


series, shunted armature con- 


MEGUION erat ste latel tals 77 
series and compound-wound, 
speed Seacraihele ts 
graphic comparison...... 46 
shunting field....... Apacs Wie 
speed at no-load........... 38 
speed-torque characteristics. 37 
speed variation withload... 76 
shunt, effect shifting brushes 
ON BPE nero ween ee 41 
illustration, connections. 39 
speed characteristics..... 40 
load and speed test........ 152 
series and compound, con- 
nection diagrams........ 73 
speed Pa eet e be se ete 42 
CONLTOLS Ar nts crersroe cisions 77 
temperature test, “loading 
back methodi......60. 05.6 152 
speed, definition........... 35 
proportional to voltage..... 34 
regulation, effect of com- 
mutating poles...... tween 46) 
variation, definition...... eto 
starting panels oc .\cccc elerteres 75 
Theostat, Sivicent cen arate dill 
with multi-switch starter 85 
sources of losses..........+. aie ed 
TOSEINO 35 raster nietacese cusveevete . 148 
to compute kilowatt input, 
horse-power, output, effi- 
ciency, impressed voltage or 
GHELeN bate nesisjoieesstacteteekn ts 48 
torque, proportional to field 
conductors and current..... 34 
troubles.s.ccsesai seen 105-112 
brush glowing and pitting.. 114 
Motor-drive power, test...... Peaic 288 
Motor-generator, a.c. generator d.c. 
OCOD stale cleishelsisliehereleteratrenenet ete 302 
definition and construction..... 301 
flywheel, equalizer, control of 
GiGHIMOGOrss see ieee ete . 99 
function. wetean close decir etels 101 
frequency changer, construction 311 
GHANGES cs oniclele sterce Maes goOk 
induction-motor drive.......... 302 
synchronous-motor drive.. 302 
Motor, horsepower determined with 
prony, brakes. ssl dare ie en 49) 
required, often Oyge co unaired: 288 
torque and speed formulas. 148 
induction, computation of slip.. 202 
drive, motor generator....... 302 
insulation resistance, measure- 
ment,..... NAMAOT MISOe weqatT Loo 
nameplate.. eofnie sista lelaraletomi eo 
output, to determine. ate sapere 148 
portable, arranged to determine 
power required by machines.. 290 
power input tests, graphic instru- 
ments for recording. . sreisvetenes LOO: 
required, importance of accur- 
ate determination....... «s 2893 
of various capacities, inputs, one 
graphic instrument can be used 
TOMTOCONAS a letanelsts ateceiers 297 
synchronous, drive for “motor 
QENEPAUOL A nce co cevevesee - 302 
testing, connections.. 
TOSSES Sie laeiartteitte haverete 
test, portable, workable arrange- 
TOTES see tet eiaerrcalale ce carers 290 
equipped with counter shaft 291 
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Motor, ee LUNChONs,selets ates 
vertical, ball bearings. ....... 
Multiplolar generators d.c., number 
Of nushiisetsuas cies aac BOO 
machine, definition............ 
Multi-switch starter, starting d.c. 
MOOT cijeisierniste sire vokasahalis: 67 el seh sta). 

d.c. motors POAC ue : 

N 

Nameplate, motors...... 

National Electrical Code © require- 
ments, a.c. motor, control 
equipment, installation....... 

Rules, protection of motor and 


BEAPCCT «viene, ane 0 ars, « siete shove 
Neutralizing winding a.c. “motor. 
Noise caused by armature unbalance. 


O 


Oil leakage, a.c., induction motor 
earings an-ieecme ciae 

motor bearings, grooves “to 

MEEVEE. sas vialeleyise cfd sie lee cle 


tings, bearing, to prevent Be 
HT, calle chat eetevaere niente: 
Odenciriitod. field coil, locating. . 
circuits, flying in d.c. armature 
WININgs! ere eras nee Site cals 
Operation of commutating-pole, d.c. 
MENETALOTSS ciciss sislesvisia cc leis: suse 
of non-automatic-starting and 
speed-adjusting rheostat. . 
parallel, a.c. generators, division 
OUUENG Bann cnetenddoudoUs 
d.c., shunt generators........ 
successful, a.c. generators... . 
Oscillators rece ee hee eee 
Output, a.c. motors test to determine. 
kilovolt-amperes current or vol- 
tage, a.c., single-phase 
generator, computation 
three-phase generator, 
computation.......... 
power factor or efficiency, 
three-phase, a.c. generator 
horse-power required, com- 


DUtALION. ceseerte cteiecs 
kilowatt a.c., single-phase gen- 
erator, computation........ 
voltage, current or power 


factor, a.c. generators, com- 
PULADION neiesie is aisiere ten ehe eats) « 

low maximum, a.c., induction 
motors, causes and correction. 

of d.c. motors, effect of torque 

and speed...... 


sete ee eeee 


of motor, to determine. ROMa odor 

Over-compounded d.c. generator. .. aoe 
ye 

Panels, starting, d.c. motors......... 


Parallel operation, a.c. generators, 

division of load............+ 

hunting prevents. vay.-.steee ore 

successful, a.c. generators, re- 
quirements. . stata eveans. 

Performance data, ‘compound-wound 

d.c. commutating-pole gen- 

EL ALOTS 1c cie'c.c otelgtolaiarerelsiereters 

2G. THOLOLS oceveloere atetaieieie eines 

single-phase a.c, induction 

TMOGOP seo 0s diese enti clec te 

graph d.c. series motors........ 
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101 Performance data, Star pnitees, a.c. 

146 generators.......-. eng ecae 266) 

AG; INO CONssrtardertansrarent 197 

15 d.c. generators ihe > dineeretermeretee 28 

15 specifications for generators..... 1 

Phasing Outs cite sie nlelevetetere nations 179 

85 three-phase circuits............ 180 

84 Pitting and glowing of carbon brushes 126 
Planimeter, energy ascertained from 

graphic power record............ 298 

Polarity, field coil, illustration...... 63 

148 PESLIB Mi cevorast stare arereneners sraictesa: Om 

synchronous. 0.) MOCOTS en ieleleyeiee 238 

tester, field, inductive.......... 64 

239 testing fcr, ‘d. c. generators...... 54 
Polarities, commutating-pole wind- 

76 ings, determining jasc vere 66 
214 Pole, classification of d.c. generators. 16 
146 commutating, object........... UF. 

windings of..... cates bore 20 
number on d.c. generators aihietenete 15 
relation between speed and 
273 frequency, a.c. motors ..... 201 
speed and frequency, ac. 
274 generator, relation between, 
formulassS.d5.4ccanioeioner 164 
144 Poles, frequency changers.......... 310 
141 Polyphase induction motors, see 
Motors, polyphase-induction. 
140 Polyphase motors, see Motors, a.c., 
poly phase. ; 
18 Power-factor, computation single- 
phase a.c. motor.......... 226 
82 two-phase motor a.c.......... 205 
efficiency, horse-power, current, 
182 voltage, computation of, 
50 three-phase motor......... 204 
182 voltage or current, a.c. three- 
335 phase generator, horse-pow er 
278 required, computation..... 176 
Tow, resialts'.o<isieve drs lovetel oust Seine 230 
synchronous motor corrects... 230 
174 or efficiency, kilowatt-ampere 
output, horse-power required, 
174 a.c. three-phase * generator, 
computation. .casacwiee sleet 175 
voltage, current, efficiency, a.c. 
generator, horse-power Te- 
175 quired to drive, computa- ‘ 
Lite WAARMem riot, omic: 2 172 
173 voltage or current, kilowatt out- 
put, a.c. generator, compu- 
tation. b HSA eae 
176 Power, motor-drive, test. tov leadbees 288 
motor, input tests, gra’ ad in- 
266 struments for recording. 295 
required, importance of accur- 

34 ate determination......... 288 
148 record, graphic, energy ascer- 

9 tained with a planimeter..... 298 
required, to drive machine test 

for procedureés.ni<an soe 291 
to drive a load, ‘to determine 

75 by ‘testices Sasieauhemns . 289 

Pressure, carbon brush............ 124 
182 -regulator-control, d.c. motor, 

182 automatic starter, connecting. 102 
Primary or stator winding, a.c. in- 

182 duction Motor sess ieee elie 191 
Principles, construction and. char- 
acteristics, induction and tepuleion 

28 GC. MOCOTS, wiiiecale crereieintarscteleiels c 190 

34 Prony brake, different forms Stee 149 

motor horse-power determined 
213 ueblgrnioemoncceto cotoonas Tel 
36 torque concept basis,.......... 149 
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Pull-out torque, a.c. induction motor 200 


Q 
Quarter-phase, see T’wo-phase. 
R 
Rack for d.c. armatures............ 147 
Ratings, motor generator.......... 314 
synchronous converters........ 338 
Reactances, synchronizing.......... 333 
Record, graphic power, energy ascer- 
tained with a planimeter......... 298 
Regenerative feature, a.c. induction 
PR OUOR ye tesaerareratielelsleie eras .ape-0 ea ate 203 
Regulating controller, see Controller, 
regulating. 
Regulation, automatic, of d.c. con- 
stant-current generator....... 3 


of d.c. con tan current genera- 
tor by brush shifting......... 


speed, a.c. induction motors.... 202 
commutating-pole, d.c. shunt 
SILOS Ss biel a ates SNM ss Sane 41 
d.c. motors, effect of commu- 
tating polesicc ii .cid teens 46 
ASR MITIOTI tikes cals ouee eee 2isS 35 
how expressed.......ss.006.- 35 
voltage, compound d.c. genera- 
ON rete ee vay chee Syfairsvalemes eae 13 
d.c., generator operating at 
different speeds........... 12 
LCLITTULOTA Sees oe eset ores 6 1 
Regulator, armature control........ 93 
speed, armature control, opera- 
PEO rus Kale iets) <a levers ia wel ae 94 


Reliance d.c. adjustable speed motor. 42 

Repulsion, induction motor, see 
Motor, a.c. repulsion induction. 

Repulsion motors, see Motors, a.c., 


repulsion. 
Resistance, brush contact.......... 124 
for starting squirrel-cage a.c. 
EO COTS c epebetey relat sae eee eesvs Si 245 


insulation, generators and motors 155 
measured with high-resistance 

MOMANETOR jrcricns Helclie-ce siecene 155 

test, a.c. generators.......... 277 
Resistors and switches,field discharge, 
for automatically discharging 

field circuits, a.c. generators.. 171 


AOI REINO RATIGCY cts cle-e w.sl'e occ soles 102 
Rheostat controller..............-- 72 
field, compound-wound d.c., 

IGHBEALONE: Oiuci ts 6 so esc es ae ee 10 
non-automatic starting and 

speed-adjusting, d.c. motors.. 81 
non-automatic-starting an 

speed-adjusting, operation.... 82 
starting and _ speed-adjusting, 


arrangement of one for 


control of two d.c. 
TNOGOLS 5 trots cerns Soiphe pix. 3 92 
Construction. ..0% 5666 26s 89 


(fie ld-control, for d.c. 
shunt and compound 


BIG EOP Heist, 3/<ix 2.07345) <> 89 
OPOLA LON Aerie. ete se, seals 92 
starting, arcing devices......... 74 
GIGMINGLOM arent os 6 Soto 71 
low-voltage release device.... 74 
overload release device....... 75 
shunt-, compound- and series- 
wound d.c. motors........- 74 


Being hre, sparking. .2ein anes 0s so: 128 


Rings, oil, to prevent sticking....... 144 
Rotary, drum or machine-tool type 
controllers, d.c. motors........... 78 


Rotary converter, see Synchronous 
converter. 
Rotor, a.c. induction motor, definition 191 


or field, a.c., turbo generator.... 161 
troubles, a.c., induction motors. 269 

s 
Sandpaper, to smooth commutators. 118 
Segments, commutator, loose....... 115 


Separately excited d.c. generator, see 
Generators, d.c., separately excited.. 4 
Series fields, equalizer buses required 
for three-wire machines...... 58 
generators, see Generators, d.c., 
series wound. 
motor, see Motors, 
wound. 
shunt for compound-wound gen- 
erators, components of..... 15 
on d.c. machines, form of..... 15 
-wound d.c., armatures, number 
of brush sets in.......... 15 
generators, see Generators, 
d.c., series wound. 
motors, see Motors, 
series wound. 
Shading-coil method of starting a.c. 
induction motors, 5, nae 212 
Short-circuited a.c. motor or genera- 
tor armature coils, ‘‘inducer’’ 
for locating accu sac eet eae 274 


d.c., series 
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-circuits, armature, test 138 
flying, in d.c. armature wind- 
ATUQS Nv cace ss nies eeyenaton ates relents 140 
-shunt d.c., compound-wound © 
OMETACOD ss io'e ote eitistolerclenenstorels 11 
Shunt d.c., generators, parallel opera- 
tion, connections............ 51 


dynamo, see Generator, shunt. 
motor, see Motors, d.c., shunt 
wound, 
series, for compound-wound gen- 
erators, components of..... 15 
on d.c. machines, form of.... 15 
Shunt-wound generators, see Genera- 
tors, d.c., shunt wound. 
Shunted armature connection, series 


ALOR AMOLOM ais wrctate eis cio seieteroiaianevetees 77 
Shunting field, series d.c. motor..... aid 
Shutdowns, causes, a.c., polypbase 

induction motors’... «essence 264 


Single-phase a.c. motors, see Motors, 
a.c., single-phase. 
generator, see Generator, 
single phase. 
Six-phase a.c. generators, grouping 
of coils..... and 
Slip, a.c. induction motors... 
computation of 
Slotted commutator, see Commutator 
slotted. 


G.c., 


Slotting, commutators............-.-. 119 
FEASON Sales oe elelrete « Soho, Solo oun 120 
what it accomplishes.......... 120 

Sparking, blow holes in frame cast- 

ings sometimes cause........ 126 
brush,-ohuses: .)..6. 6-00» nee Les 
due to open armature circuit.... 128 

rough commutator........... 114 
MIT ALS) ree acetal eteteienerseke aealcie ste 128 


Specifications, performance, for gen- 
CTALOTS.,.cerecensrorseccccesecces 1 
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Speed-adjusting and starting rheo- 
stats, see Rheostats, Speed ad- 
justing and starting. 

characteristics, compound- 

wound, d.c. motors... 60). 

d.c. motors, series, shunt, com- 

POUNG. «tise seek Disleveterercteve 

shunt motors.... 

Ulustration/ jjerer ei osicie'y « 

series and compound- wound 

ater, graphic compari- 

BON Mest dac waaineire cine 

control, a. on oA polyphase, induc- 

tion motor by adjusting 

PLEGUCTION) Jalete ris eres eis 

by adjusting 

VOLEALE we staloterege sisters 

by changing number ¢ of 
secondary DEasees 

poles sens «leis 


ANOCOUB aoc staleteteleteis stele si elsiels 
by adjusting resistance of 
secondary circuit...... 
cascade induction motor 
compound d.c. motors....... 
primary, a.c., polyphase, in- 
dtietion motores sicteneieicers 
secondary, a.c. motor.... 
shunt dic. motors yes cn ners 
d.c. motors proportional to vol- 
EAPO sca: le siapscela tote eter 
variation. Bie eee s/aray ele) aera 
series motor, n movload Assos 
formulas, motors....... a 
frequency and number of poles, 
AIC! generator isda OS te 


TNOLOTUy..P teenie at token lenews 
alimit (d@vice s. satis cereale Sleeve 
MOvor, GeMNItLON ie tee ase w= 
normal, d. ce. generator operating 

Delowi wok kia oteens o. Houde tes ak 
regulation, a.c. induction motor, 
(2) i eerie eR Ane Sees eiticre Cinta o 
commutating-pole, shunt, d.c. 
INGCOL Male ashe teteney ieterebe 


d.c. motors, effect of commuta- 

ting poles Nita fades sere 

how. expressed:#./7= kissin crate 

single-phase a.c. induction 

motor, phase-splitting-start- 

Eel anesthe ey Leen es Grater 

regulators, armature control.... 

ODSrALLONLGS, 28.20R hee moras 

test, de shunt motor.......... 

Gigumotvors eee ammo 

graphs, secondary speed-con- 

trol a.c., induction motor... 

turbo alternators). ».-'. 1 2 sete se 

variation, motor, definition..... 

with load, d.c. series-wound 

PIOLORS oes tata ee arene 

Speeds of d.c. generator............ 

SYMCHTONOUSS: cause tora 

Split-pole converter................ 

Squirrel-cage induction motors, see 

Motors, chy induction, 
squirrel-cage. 

starting windings, a.c. synchro- 

FIOUS WOCOT cts anew date tees’ s) stare 

Stand, portable, graphic instruments 

Starters, automatic, a.c. motors..... 
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297 
260 


Starters, float-control, a.c. pump mo- 
tors connecting BN se Ars 261 
pressure-regulator-control, d.c. 
motor, connecting......... 102 
connections, wound motor a.c. Q 
induction rotors... ereeris 241 
motor, automatic, principle..... 83 
multi-switch, d.c. motors....... 84 
starting d.c, motor... ce. cuisee 85 
self-contained, wound rotor a.c. 
induction motors... ..:...50... 241 
Starting, a.c., induction wound rotor 
MOOD seieie'< aralane Seal cietalel shai 242 
methodst..: ii Gcn.ctureeetas are 240 


and speed adjusting rheostats, 
see Rheostats, starting and 
speed adjusting. 


arrangement, three-phase coil- 
wound rotor a.c. motor....... 243 
compensators for induction mo- 
tors, a.c., see Compensators, 
starting. 
current, a.c. MOtOTS........ se 200 
single-phase, a.c. induction 
motor, phase-splitting-start- 
1501 ee EE RRL DO Dicken cho 210 
squirrel-cage induction a.c. 
motors, with different im- 
pressed voltages using com- 
pensator starter........... 246 
devices for a.c. motors......... 239 
panels, dic. motors.c. ica csraet 75 
rheostat, see Rheostat, starting. 
single-phase a.c. induction motor, 
split-phase method.......... 207 
small a.c. induction motor, by 
throwing on line.:......... +5 240 
switch troubles, a.c., wound- 
TOton Motors..hecesie sates LOO 
synchronous a.c. motor........- 231 
three-phase, squirrel-cage a.c. 
induction motors, delta-star 
method..... 5 sapere eleme 251 
torque, a.c. motors altel atx Soret eters 200 
torques, squirrel-cage’ induction 
a.c. motors, with different im- 
pressed voltages using com- 
pensatorstarter. .......-+..« 246 
Stator a.c., or armature turbo genera- 
tor; illustration=j;-ce teeter 161 
or primary winding, a.c. induc- 
ton MOTOR: J.) siietole se sloleneane 191 
Steam engine, overload capacity. . 33 
turbine, operates at high speeds. 162 
Surging, a.c. generators. . 3 186 
Switchboard connections, three-wire 
* dc. enerators'.. 1 rtiertelees 58 
Switchboards, synchronous a.c. motor 232 
diagram, generators operating in 
parallel..... ayaa lonevia atape oveneeateoie 184. 
Switch, centrifugal, single-phase in- 
duction motor...........20+- 209 
control, float, a.c. single-phase 
motor RARCOCOS.o 50 sitle cub biehepeiete 261 
iO) EOE Le Corot arth Sac 101 
knife, for shunting out ‘ammeter. 294 
starting, oubler a.c. wound- 
rotor motors. . Slevaleve re eate ee OO) 
tank’ sc otters pudreeionte ‘avd caus en OW: 
Switches, field-discharge. Naam . 102 
and _ resistors for automatic- 
ally discharging field cir- 
cuits, a.c. gemerators...... 171 
field relayii.ct nadie ces 88 


not placed i in ‘circuits connecting 


collector rings to balance coils. 29 
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Synchronizing, a.c. generators ives | Gy 
ng, a,c. generators...... est, temperature, d.c. sh : 
connections, more than two three or pamvecedas eae ree 
s phase generators............ 180 method... : eS tused anensanten 152 
‘ efmitiony ge eentvas Dette eee eee 178 large three-phase, a.c. genera- 
ae aed converters RharasnNS ater aye 312 tor or synchronous motor.. 278 
amps, dark or light........... 181 three-phase a.c. generator or 
single-phase circuit with lamps, synchronous a.c. motor.... 279 
JSRCIN Dane cos aden Aone one 178 to determine horse-power output 
with lamps, circuits for......... 179 and torque, a.c. motors.... 278 
Synchronous, condensers, see Con- power required to drive a load 289 
_ densers a.c. synchronous...... 229 lamp and exploring terminal 
impedace test, a.c. generator.... 276 convenient arrangement..... ” 136 
motors, see Motorsa.c., synchronous. Testing a.c. generators and motors.. 276 
Synchronous converters........ 315-338 armatures where only a.c. or low- 
OSE Pao Sonic aaOe ee Cone e 322 voltage cells are available... 132 
SURITDIOR Mee trerene Syste abohey ayes ce. acess 306 with high-voltage a.c........ 132 
vs. motor-generator............ 306 d.c. generators and motors..... 148 
Synchronous speeds...........-.60. 310 lugie tforkedi wy neon here 294 
MSMCMTOSCOPES ce sys ceetencsVescsrarevake ea 182 motor, connections.....7.... Rep e292 
for synchronous converter...... 334 NOSSO, «ecco idee rake treats 289 
Three-phase generator, see Generator, 
H Ig = a.c. single-phase. 
ree- 
Pepbinwiteh ocics.ws wiv. ia es coc: 106M “Wien ther one ce ae Se 
Telephone receiver detector......-.. 135 Torque, a.c., motors test to determine 278 
Temperature, ambient, definition.... 166 d.c. motors, effect of field, con- 
d.c. generator.........--+-.+.- 14 ductors and current on....... 34 
rise, maximum, a.c. generators.. 166 formulas) motors. seen wees 148 
test, a.c., three-phase induction low, starting a.c., induction 
PELOU ORM cena cie te eI sete 286 TN.OF OFS). \s:</sieccusval odes cnetavelevaeetorens 265 
d.c. shunt motor or generator, miobor, funCtiOn's/2.,0 «21sec seroeis 101 


loading back method 
large three phase, a.c. genera- 
tor or synchronous motor. . 278 
three-phase a.c. generator or 
synchronous motor........ 279 
Terminal, exploring, and test lamp.. 136 
Test, a.c., three-phase motor, deter- 


mmeation OLinput. .2- 2. 00... 280 
armature, *‘ bar to bar’’........ 138 
BHOLU-OCLEGUI G60 cl. = sie eles ot 138 
excitation or magnetization, a.c. 
generator..... Hagetncnucse lover aeensivess 276 
external characteristic of shunt 
GLC GENELALOR.. . cle nce steic.s race cis 154 


input, a.c., three-phase motor, 
‘«watt-meter’’ method. 28 

method where neutral 
is brought out........ 285 

“+ one-wattmeter-and-Y- 
box’? method. =....%......- 284 
“¢ one-wattmeter ”’ method 283 
polyphase-w attmeter 
method 

motor power, graphic instru- 
ments for recording........ 295 

insulation resistance, a.c. genera- 
CSRS Ma Nee ae aioe oi sua,tera ots ees 277 
load and speed, d.c. shunt motor 152 
three-phase, a.c. generator.... 
lug, with open hole............ 293 
magnetization-graph, d.c. motor 


or generator, how conducted... 151 
motor-drive power......--- Pete LOS: 
motors, portable...........-.. 290 
of power required to drive ma- 

chine, procedure.............- 291 
open armature circuits........- tee 


polarity, field 
practical determination of torque 
required to drive or start a load 299 
synchronous-impedance, a,c. gen- 
RGR ree cal ieee) eel ae Rote viibim a 
temperature, a.c. three-phase 
induction motor.,,,,++++++ 2 


prony brake concept, basis for.. 149 

pull-out a.c. induction motor... 200 
required for belt drive, deter- 
mination with a spring bal- 

PE ha Aan EO O BAIN tO S 299 
to drive or start a load, prac- 

_ tical test determination.... 299 
single-phase a.c. induction motor, 

phase-splitting-starting...... 210 
speed, graphs, secondary speed- 

control a.c., induction motor.. 253 

Starting, a.¢> Motors)... <1. eeies 200 
single-phase a.c. induction 
motor developes no, when 

its rotor is not revolving... 207 
squirrel-cage induction a.c. 
motors, with different im- 
pressed voltages using com- 

pensator starter........... 246 
when a.c. synchronous motor 
starts but fails to develop 

sufficient, procedure......... 235 


Transformers for synchronous con- 
NGM me cdone mb ao.coo sod Oe 319, 336 


Troubles, a.c. generators and motors. 263 
induction motors.......... 265 

motors and generators..,.... 143 
synchronous a.¢. motors..... . 238 


field, a.c. synchronous motor... 235 
starting switch, a.c., wound-rotor 
MObOTS) oy cel erere dosgodooace0 265 


synchronous a.c. motor, sum- 
TAG ALOE TOG AOD ONO Oke 234 
Truing commutator with file........ 118 
Turbo generator, see Generator, d.c. 
turbo, 
Two-phase generator, see Generator, 
a.c. single-phase. 
U 
Universal motor, a.c., single-phase... 225 
We 
Ventilation, turbo alternators....... 162 
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Vertical waterwheel generator, a.c., 
CONSEPUCEION. «onic ctris co gielae e seein 
Voltage, a.c. motor operation, cocet 
of changes.. 
computation 


single. phase “ac. 
MOtOEeniceeee SO DOOR Dax 
two-phase motor a.c........- 
current, efficiency or power 
factor, a.c., three-phase 
generator, "horse-power 
required, computation. 
generator, horse-power re- 
quired to drive, com- 
DULATION cece eel . 
power factor, kilowatt output, 
a.c. generator, computation. 
drop, due to contact resistance, 
increased if fit of brushes or 
commutator is poor......... 
impressed, d.c. motor, to com- 
ULC eretareleratstaleherslereies © cuxiedelis tie 
or current, a.c., single-phase gen- 
erator, kilovolt-amperes out- 
put, computation.......... 
three-phase generator, kilo- 
volt-amperes output, com- 
PULATION aaetoeciae clseicls eretere ls 
power-factor, efficiency horse- 
power current, computation of, 
three-phase motor meisiette ajeuiere 
ratios, synchronous converters. 
regulation, definition .......... 
vei: @eneratorint.. 220 4s. see 
shunt-wound d.c., generators... 
terminal, increase due to over- 
compounding, 
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176 


Voltages and frequencics, different, 
a.c., polyphase induction mo- 


tor performance graph....... 
Voltages unbalanced, a.c., induction 
motors, effects... Jo..0..-2 <5 
Voltmeter, high-resistance, insula- 
tion resistance measured with.... 
“WwW 

Wagner _—repulsion-starting-and-in- 
duction-running a.c. motor...... 
Water-cooled machinery, standard 
temperature ratings.............. 


Waterwheel generator, vertical a.c., 
Construction s.5 6% werskels + sneilelee ete 
Wattmeters, graphic ammeters used 


instead <x cis cis.s cyeisteeereto ne Groton 
Winding, commutating poles........ 
faults, a.c., induction motors...... 
stator or primary, a.c. induction 
motor... ..- el el vata alle ottertelietacen oleae pensions 
Windings, armature, d.c., flying 
grounds, short-circuits and 
OPEN CITCUITSE.socs cle ce eile 
commutating-pole, ‘determining 
Polaritieg i .1sraleroieis) ets teteloreerels 
cumulative-and-differential-com- 
pound, for d.c. machines..... 
danger of overheating when dry- 
INES ci sresiciss eles Peto 
differential-and-cumulative-com- 
ound, for d.c. machines..... 
field, on d.e, generator frames, 
direction of, illustration..... 5 


Wound-rotor a.c. motors, see Motors, 
a.c., wound-Trotor, 
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